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Synopsis 


This paper completes the first detailed description of the Arenig Series in south Wales, the fullest develop- 
ment of the Series in Britain. The fossil faunas are richer in species, and more differentiated strati- 
graphically, than has been supposed. The British Arenig is comparable in development to that in 
Scandinavia and North America, and affords the fullest section yet known at the edge of the Ordovician 
Gondwanan continent. The sequence is best developed in south Wales, between Carmarthen and St 
David's. Based on the stratigraphy of this area we propose three stages, in ascending order the Moridu- 
nian, Whitlandian and Fennian, which can be correlated internationally, although only the Fennian 
includes enough cosmopolitan graptolites to place the correlation unequivocally. The threefold division is 
recognizable throughout Wales, and has refined the correlation considerably. Important stratigraphical 
conclusions are: 

(i) The type Arenig section at Arennig Fawr certainly includes the Moridunian; Whitlandian and 
earlier Fennian equivalents are not yet proven there. The base of the Moridunian may be as old as the 
Tetragraptus approximatus Biozone of the Pacific graptolite province. 

(ii) Conversely, on Anglesey only the later Arenig is present. 

(iii) There is a full Arenig succession on the western Llŷn Peninsula. 

(iv) The Shelve Inlier is consistently developed in shallow-water facies compared with elsewhere in 
Wales, and may be somewhat incomplete at the base. 

(v) The 'Tetragraptus Beds’ (now Penmaen Dewi Formation) of the coastal sections at St David's, 
which have been referred to the late Arenig Didymograptus hirundo Biozone, are demonstrated to be of 
mid-Arenig (Whitlandian) age; Fennian has only been proved on Ramsey Island. 

(vi) The Abercastle Formation, and part of what have been referred to as the Brunel Beds, which have 
been assumed to be of early Arenig age like the Ogof Hén Formation, are Whitlandian in age. 

In the Carmarthen-Whitland area the Arenig succession is thick—a cumulative thickness of more than 
1300 m—compared with its equivalents on the coast at St David's. Refinement of the biostratigraphy has 
led to the recognition of several new formations for the Whitlandian and Fennian rocks, which are 
described here: Blaencediw Formation, Colomendy Formation, Cwmfelin Boeth Formation, Pontyfenni 
Formation and Llanfallteg Formation in ascending order. À new map of the Whitland area records the 
outcrop of these formations, and their correlation throughout south Wales is discussed. The Afon Ffin- 
nant Formation, an eastward equivalent of the Blaencediw Formation, is also proposed. 

The fauna of the Whitlandian includes two new species, and the remainder, originally described by 
Salter and by Hicks, are here given their correct stratigraphical placing. The Fennian, however, includes a 
major new addition to the British trilobite fauna, with some twenty new species, many of them cyclo- 
pygids. This is the earliest known occurrence of the cyclopygid biofacies in Britain, and includes a suite of 
genera otherwise mostly known from younger rocks. Large-eyed pelagic forms are accompanied by a 
characteristic group of blind or nearly blind species, which we term the atheloptic assemblage. The 
combination of pelagic and atheloptic trilobites typified ‘oceanic’ sites with sediment accumulation prob- 
ably below 300 m. 

The following new taxa are described: the subfamily Pricyclopyginae; the genera Circulocrania, Fur- 
calithus, Gymnostomix; the subgenus Bohemilla (Fenniops); and the following species: Segmentagnostus 
whitlandensis, Shumardia (S.) gadwensis, S. (Conophrys) crossi, Bohemilla (Fenniops) sabulon, Degamella 
evansi, Microparia (M.) porrecta, M. (M.) teretis, Novakella copei, Sagavia glans, Pricyclopyge dolabra, 
Circulocrania orbissima, Bergamia rushtoni, Furcalithus radix, Stapeleyella abyfrons, Dionide levigena, 
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Ampyx linleyoides, Dind ymene saron and Colpocoryphe taylorum; also the subspecies Cyclopyge grandis 
brevirhachis and Pricylopyge binodosa eur ycephala. 

Seven trilobite assemblage biozones are proposed for use in local correlation; some are traceable 
throughout Wales and England. From the base of the Arenig these are: Merlinia selwynii and M. rhyakos 
(Moridunian); Furcalithus radix and Gymnostomix gibbsii (Whitlandian); Stapeleyella abyfrons, Bergamia 
rushtoni and Dionide levigena (Fennian). Of these, only the last-named seem to correspond with the 
hirundo Biozone as recognized in the Lake District and north Wales. This attests to the disproportionate 
extent of the old extensus Biozone. 

A good, continuous fossiliferous section between the Arenig and Llanvirn is described from the Llanfall- 
teg railway cutting, which may be a candidate for a stratotype for the base of the Llanvirn, and the 
distribution of fossils through this section is documented. In this confacial section the Llanvirn boundary 
is marked by the appearance of abundant 'tuning fork' graptolites, but many species of both graptolites 
and trilobites cross the boundary. The name D. artus Biozone is proposed as a replacement for the D. 
‘bifidus’ Biozone of the early Llanvirn. 


Introduction 


The Arenig Series has been relatively neglected in its type development in Britain compared 
with the Llandeilo, Caradoc or Ashgill This is partly because the Arenig rocks have been 
regarded as poorly fossiliferous—there are few of the prolific localities which yielded classic 
faunas to the nineteenth century monographers—and because the twofold division into Didy- 
mograptus extensus and D. hirundo Biozones obscured their stratigraphical diversity. After 
studying fossiliferous and stratigraphically differentiated Arenig faunas in Spitsbergen and 
elsewhere we realised that either the Welsh Arenig Series must be incompletely developed, or its 
true stratigraphical sequence had not been recognized. In this work we show that the latter is 
the case. The Arenig in the type area of north Wales is indeed incomplete; it apparently 
comprises only the lower one-third of the Series. The fullest sequence has proved to be in south 
Wales, outcropping over a stretch of country running from Carmarthen to the coast at St 
David's. We studied the lower part of the sequence in the Carmarthen area, the results of which 
were published by Fortey & Owens (1978). 

The present work completes the account of the trilobite and graptolite faunas through the 
mid- and late Arenig of south Wales, and summarizes the biostratigraphy of the Arenig Series 
throughout Wales. Faunas of articulate brachiopods have been recovered from the M. selwynii, 
F. radix and S. abyfrons Biozones, and will be described elsewhere, and a first account of the 
acritarch flora is given by Molyneux (1987). A preliminary note on the chordates, by R. P. S. 
Jefferies, is appended to the present paper. 

We can now recognize seven broadly conceived biozones within the Series, and a major 
threefold division applicable throughout Britain, which we propose as stages. A preliminary 
account of the major divisions was given by Fortey (in Whittington et al. 1984). The Welsh 
Arenig is now known to be comparable in development to that of Scandinavia, China and 
North America. The number of trilobite species known has been trebled as a result of recog- 
nizing the true extent of the Series; the late Arenig fauna is almost entirely new, and the 
stratigraphical placing of the middle Arenig faunas has previously been incorrect. It remains 
true that, although rich in species, the fossils are relatively sparse— the specimens figured here 
are the product of nearly ten years' collecting. Nonetheless, it would not have been possible to 
unravel the complexities of the Arenig of south Wales without the help of the trilobite faunas. If 
this work has a general relevance, it is that macrofossils can still prove indispensible in solving 
broad-scale geological problems in areas of structural complexity. 


Historical survey 


The term ‘Arenig’ was introduced by Sedgwick (1852) for strata cropping out in the Arennig 
Fawr district, Gwynedd. Its first application in south Wales was by Hicks & Salter (1867) in the 
St David's district, Arenig strata there having previously being regarded (e.g. by Murchison 
(1839), and on Old Series one-inch Geological Survey maps) as Upper Cambrian, Llandeilo or 
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Fig. 1 Outcrops of Arenig age in Wales and the Welsh Borderland referred to in the text. 


Caradoc. Subsequently, some strata, since shown to be of Arenig age (see Whittard 1960), were 
considered to belong to the Tremadoc (the Ogof Hén Formation: Hicks & Salter (1867), 
Hicks (1873); the Carmarthen Formation: Crosfield & Skeat (1896). True Tremadoc strata 
have, however, recently been found in the Llangynog area near Carmarthen (Cope et al. 1978). 
Arenig strata in south Wales were described in the last century by Hicks (1873, 1875) in the 
St David's area, by Roberts (1893) in the Whitland area, where he termed them 'Tetragraptus- 
beds’ (which name, or its variant ‘Tetragraptus Shales’ came to be widely applied to the Arenig 
in south Wales in the ensuing years) and by Crosfield & Skeat (1896) in the Carmarthen area. 
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Roberts’ work was taken up by a local amateur, D. C. Evans, whose description (1906) of the 
Whitland-St Clears area forms the basis of the current paper. In the words of O. T. Jones in 
Stephens (1941) 'It was recognised as a first-rate, masterly, piece of work that no one could pick 
to pieces’. In the same year Cantrill & Thomas (1906) described a small area around Llangy- 
nog. At the beginning of the present century the entire Arenig outcrop from the Whitland area 
in the west to Llanarthney in the east was mapped on the scale of 6in : 1 mile by the Geological 
Survey, and was described in three memoirs (Strahan et al. 1907, 1909, 1914). For the Whitland 
area the Survey mappers drew much upon Evans' work. 

Over the following years interest in the St David's-Haverfordwest area was renewed, and 
Arenig and contiguous strata were described in a series of papers, including those of Pringle 
(1911), Thomas & Jones (1912), Cox & Jones (1914), Thomas & Cox (1924), Cox et al. (1930), 
Cox (1930), Pringle (1930), and Williams (1934). In these, several local stratigraphical terms, 
especially for more arenaceous developments in the Arenig, e.g. Abercastle Beds, Porth Gain 
Beds, Brunel Beds, were proposed. After this period, apart from brief mention in W. D. Evans’ 
(1945) paper on the Prescelly Hills, the Arenig of south Wales attracted little attention until 
Bates (1969) described the early Arenig Ogof Hën Formation on Ramsey Island. More recently 
Fortey & Owens (1978) revised the early Arenig stratigraphy of the Carmarthen area, and Cope 
(1980) described similar strata in the Llangynog area a short distance to the west. 

The first zonation of the British Arenig was by Elles (1904), and was based upon graptolites 
from various sections in Wales (Afon Seiont, Caernarfon, Menai Straits, Llyn, Arennig Fawr, St 
David's, and Haverfordwest-Carmarthen). She defined two new zones, Didymograptus extensus 
and D. hirundo, and included Lapworth's (1880) D. bifidus zone. The last-named was incorpo- 
rated in the Arenig because Elles at that time did not accept Hicks' (1881) Llanvirn Series. Elles 
& Wood (1914) added a Dichograptus Zone below extensus in the Skiddaw Slates, but this has 
not been generally recognized, and Bulman (1958) could find no stratigraphical evidence for its 
existence. Later, Elles (1933) subdivided the extensus zone into four subzones, based upon the 
Skiddaw Slates succession, which in ascending order are: Upper Subzone of Tetragraptus 
(reclined), Didymograptus deflexus, D. nitidus and Isograptus gibberulus. Of these, the first- 
named has not been subsequently recognized (see Jackson 1962). The other three are now 
commonly accorded the status of zones (e.g. Skevington 1976; Cooper & Fortey 1982), which 
practice is followed here. A basal Arenig zone, the T. approximatus Zone, has been widely 
recognized throughout the world, but was not until recently (Stone & Rushton 1983) identified 
in the British Isles, where it has been found in the Girvan succession. 

General reviews of the trilobites were given by Stubblefield (1939) and Thomas et al. (1984), 
and the total fauna of the Arenig of Wales by Bates (1969). Individual elements of the fauna 
have been described over almost 150 years: trilobites by Murchison (1839), Salter in Murchison 
(1859), Salter (1866a, b, 1867), Hicks (1873, 1875), Crosfield & Skeat (1896), Reed (1931), 
Whittard (1955-67), Bates (1969), Fortey & Owens (1978); brachiopods by Murchison (1839), 
Davidson (1868, 1869), Bates (1969); graptolites by Hopkinson (1872, 1873), Hopkinson & 
Lapworth (1875), Bulman (1928, 1934), Fortey & Owens (1978), Jenkins (1982), Zalasziewicz 
(19845); crinoids by Hicks (1873), Ramsbottom (1961), Bates (19685), Donovan (1984); asteroid 
by Hicks (1873), Spencer (1918, 1950); parablastoid by Paul & Cope (1982); bivalves by Hicks 
(1873), Carter (1971); hyolithid by Hicks (1873). None of these works, however, give any hint of 
the diversity of the faunas which are described herein. 


Geology and lithostratigraphy of the Whitland district 


In our previous paper (Fortey & Owens 1978) we described the geology of the Carmarthen 
district, in which the early Arenig (Moridunian) is best developed. The Moridunian rocks and 
the underlying Tremadoc (Cope et al. 1978) are there brought to the surface in the centre of a 
large anticline. However, the higher parts of the Arenig Series are not well exposed (p. 97). 
Westwards, early Arenig rocks are again brought to the surface in the structurally complex 
Llangynog inlier, but the higher parts of the Series are apparently faulted out. Between this 
area and St Clears, only late Arenig (Fennian) rocks are exposed. Yet another anticline brings 
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earlier Arenig rocks to the surface in the area immediately to the north of Whitland. It is here 
that the succession of middle and upper Arenig rocks is most fully exposed, and in which the 
faunas are generally well preserved. It proved to be the critical area for an understanding of the 
biostratigraphical divisions of the Arenig Series, and for this reason a detailed account of the 
geology of the area is given here. Our new geological maps (Figs 2, 3) show the distribution of 
Arenig rocks over a 30km tract from east of Whitland to Treffgarne, north of Haverfordwest. 
The original account of the geology of the Whitland district was by D. C. Evans (1906), and 
the general structure he deduced has been confirmed by subsequent mapping. However, he 
conflated two coarse units within the Arenig Series, which we now recognize as the Blaencediw 
and Cwmfelin Boeth Formations, and referred the whole succession to the ‘Tetragraptus Beds’ 
without further stratigraphical refinement. Cantrill & Thomas (in Strahan er al. 1909) largely 
followed Evans’ interpretations, although they did separate two units of ‘grits’, and their fossil 
collections have proved most useful. Since then, the area has been virtually unstudied. 


Structure 


The best exposures are to be found in an area of high ground lying about 3km north of 
Whitland. The country is relatively hilly compared with the green and fertile agricultural land 
flanking the wide Taf valley around Whitland, because the anticline brings to the surface a 
series of coarse turbidites which take much of the high ground. Physiography closely follows 
the lithology and structure of the rocks. The coarse units are exposed in two main areas: (1) in 
the vicinity of Whitland Abbey, on either side of the Afon Gronw, and westwards past Pen-cil- 
post to Cwmfelin-Boeth, and (2) in a broad upland area running more or less east-west to the 
south of Llwyn-derw, and extending past the farms known as Blaenweneirch and Blaencediw. 
The latter comprise the oldest beds in the area (Blaencediw Formation); at the centre of the 
anticlinal area dips are generally low. This area of coarse-grained rocks has, however, been 
thrust over younger beds to the south of Blaenweneirch, where a tract of soft mudstones in the 
Pontyfenni Formation produces a broad depression. A second anticlinal area is centred on an 
east-west axis just to the north of Whitland Abbey. The coarse turbidites here are much 
younger than those to the north, but they were equated by Evans (1906). Because they are 
underlain by shales (Whitland Abbey Member herein) in the neighbourhood of Whitland 
Abbey, Evans (1906) erroneously concluded that these shales were the oldest beds in the area 
(lowest shales’). The late Arenig mudstones of the Pontyfenni Formation appear everywhere to 
overlie normally the higher turbidite formation, and form a drape around the edge of the 
anticlinal structure. 

Over much of the area there are small scale reverse faults, indicating movement from the 
north. Faulting of this kind appears to predominate in this area compared with the Carmar- 
then district, over which repeated strong folding was the norm. Repetition by reverse faults of 
this kind probably accounts for the broad area of outcrop of the upper turbidites along the 
eastern side of the Afon Gronw. Dips increase progressively both north and south from the 
centre of the anticline. The generally northward dips along the southern area of the map 
indicate that the contact with the Llanvirn there is likely to be inverted and/or a thrust contact. 
The northern limit of the structure, where there is faulting against the Llanvirn, is probably a 
major normal fault to the north of Blaencediw, although there are sections further to the west 
where there is continuous passage between the Arenig and Llanvirn. Finally, there are a 
number of important north-south faults; the course of the Nant Colomendy clearly follows one 
of these, and boulders of vein quartz are common in the stream bed. 

Distortion of fossils is generally slight, even in the soft mudstones, except at certain horizons 
in the Llanfallteg Formation. None of the argillaceous units is cleaved in this area, although 
correlative rocks in the Haverfordwest district can be strongly cleaved. 


Lithostratigraphy 


The elucidation of the stratigraphy of this district has entailed the discrimination of a number 
of lithostratigraphic units, which appear on the maps. With the exceptions of the Rhyd Henllan 
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Member and Cwmfelin Boeth Formation they can be traced for considerable distances across 
country, in some cases right to the coast. In no case is the exposure of any unit complete; 
thickness estimates are invariably the minimum that we can be sure about, and especially in the 
case of the poorly exposed late Arenig the real thickness may be considerably more than these 
minimum estimates. The stratigraphical column is summarized in Fig. 4. 


Blaencediw Formation. This is exposed in the centre of the anticline in the area around Blaen- - 
cediw and Blaenweneirch; it exceeds 80 m in thickness. The Blaencediw Formation forms the 
local base of the Arenig in the area, but we know from the fossils that it is younger than the 
Carmarthen Formation exposed to the east, and it is of Whitlandian age. Older beds are not 
seen, and it is possible that equivalents of the Carmarthen Formation were lacking in this area 
as they may be further to the west, in the area north of Haverfordwest. The type development 
of the Formation is in the old quarry (locality 31), 0-3 km NW of Blaencediw farm. 

The Blaencediw Formation consists of closely set, poorly graded turbidites and channelled 
mass flow deposits occasionally reaching 4m or so in thickness, separated by gritty shales or 
silts, with sporadic seams of black shale. Dendroid graptolites are particularly abundant at 
some horizons, and the type locality of this Formation yielded the well-preserved specimens of 
Callograptus species figured by Bulman (1928) (his 'Blaenweneirch' locality). When fresh the 
turbidites are black, and characteristically include clear, subrounded quartz clasts, which show 
‘wave’ extinction in thin section. Pebbles of fine-grained igneous rocks and the occasional 
shale, fine sandstone or albitic felspar clasts have also been noted. These are considered to have 
been derived from a Precambrian source. When weathered, the siltier interbeds take on a 
yellow, buff, to almost white colour (possibly this appearance led to earlier descriptions of the 
beds as ‘ashes’). The coarse beds often yield good moulds of single valves of brachiopods, and a 
rich brachiopod fauna has been obtained from several localities. 

The grits have been quarried in a number of places. At the eastern edge of the outcrop a new 
quarry (locality 30) was opened in 1976 in the side of the track leading to Blaencediw farm. 
There are old quarries on the western side of the Nant-Cediw near Blaenweneirch. The Blaen- 
cediw Formation forms the high ground south of Felin Henllan Amgoed, and there are several 
old quarries here. The best fossil collecting is probably in the large quarry at the top of the hill 
(locality 39), which is reached by following the track over the hillside beyond Rhyd-henllan. 

The middle Arenig (Whitlandian) age of the Blaencediw Formation is proved by the 
occurrence of the trilobite Ogyginus hybridus and a characteristic assemblage of articulate 
brachiopod species. An abundance of dendroid graptolites, including Callograptus and Den- 
drograptus, is also typical of the Whitlandian across south Wales, although particular species 
may have longer ranges, and are difficult to characterize. 

The Blaencediw Formation probably represents relatively immature sediments, possibly 
derived from an uplifted area in the Haverfordwest district. We presume that the articulate 
brachiopods were derived from shallow water, and their disarticulated valves were emplaced 
along with the turbidites and mass flow deposits. Large inarticulate brachiopods, including a 
Lingulella as much as 5cm long, are found between the turbidites, as are the dendroid grapto- 
lites, and these presumably inhabited the offshore environment. 

From fossil evidence, the Blaencediw Formation is considered the equivalent of the Afon 
Ffinnant Formation of the Carmarthen district, which overlies the Carmarthen Formation 
there. Because the exposure is continuous in the east, while we cannot see the base of the 
Blaencediw Formation in the type area, we have chosen to make the formal definition of the 
base of the Whitlandian in the area east of Carmarthen, rather than in the Whitland district. 


Colomendy Formation. The Colomendy Formation includes a considerable thickness of mud- 
stones and shales comprising the rest of the mid-Arenig. In the Whitland area it can be divided 
into three members which are distinguished below. 


RHYD-HENLLAN MEMBER. This overlies the Blaencediw Formation and is exposed to either side 
of the main outcrop of the latter. It is probably about 150m thick. Passage between the two 
formations is poorly exposed in the east side of the Nant Cediw valley, and on the valley side 
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Fig. 3 Geological map of the Arenig and early Llanvirn outcrops west of Whittand, based on the 
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south of Felin-Henllan-Amgoed. The Rhyd-Henllan Member consists of sandy or silty shales, 
which characteristically break out in large, flaggy slabs a centimetre or two thick. Their appear- 
ance is very like that of much of the Mytton Flags of Shropshire. By comparison with most of 
the Arenig rocks fossils are not hard to find, and certain bedding planes are covered with 
pygidia of Ogyginus hybridus (Salter). Poorly preserved specimens of the trinucleid Gym- 
nostomix gibbsii are frequent, and there are occasional specimens of articulate brachiopods of 
Blaencediw type, and the asaphid trilobite Bohemopyge scutatrix (Salter). 

The best (and type) exposure of the Member is in the lane leading to Felin Henllan Amgoed, 
a locality known to Salter, and in the banks of the lane leading downhill from Llywn-derw farm 
towards Rhyd-Henllan, where a good continuous section is seen. Elsewhere, exposures are 
confined to small scrapings in the sides of tracks, as on the hillside east of Rhyd-Henllan and 
near Blaenweneirch, or in the stream beds of the Nant Colomendy or Nant-Cediw. The fauna is 
typical of the Middle Arenig (Whitlandian). 


CASTELLDRAENOG MEMBER. This is about 150m thick, and consists of a series of highly fissile 
steel-grey shales. It is the only part of the Arenig Series in the Whitland district in which the 
rocks can be split to give completely flat bedding surfaces which are often slightly lustrous (a 
‘slaty’ appearance, although there is no cleavage). Very weathered surfaces are often coloured 
yellow with a fluffy deposit of alum. This lithology is identical with that of the Arenig in 
Pwlluog, Whitesand Bay (part of the Penmaen Dewi Formation of Hughes et al., 1982). There 
is no doubt that the Castelldraenog Member is also the temporal equivalent of this part of the 
Penmaen Dewi Formation, but for reasons explained later (p. 96) it is probable that the latter 
includes much else besides; hence we consider it preferable to introduce a local member name 
in the Whitland district. 

The Castelldraenog Member is exposed extensively around the only outcrop area to the 
south of Castelldraenog Farm. The type locality is by the footpath leading down to the 
Nant-Cediw from Blaencediw and Castelldraenog farms. The member is also exposed along the 
Nant Colomendy and its small tributaries. Dips are generally low, and the beds form small 
bluffs among the trees. 

Fossils are very rare; we have only recovered some fragments of the same dendroid graptol- 
ites which are abundant at certain horizons in Pwlluog, and Tetragraptus sp. However, the 
stratigraphical position is not in doubt because characteristic Whitlandian trilobites, including 
Bohemopyge scutatrix, occur below in the Rhyd Henllan Member and above in the Whitland 
Abbey Member. Even on the coast, where exposure of the Penmaen Dewi Formation is 
complete and accessible, fossil horizons are scarce, and more searching is required to find the 
appropriate horizons inland. 


WHITLAND ABBEY MEMBER. This is extensively exposed around the ruin of Whitland Abbey, and 
in the lanes and streams around Castelldraenog farm. The gradation from the fissile shales of 
the Castelldraenog Member can be seen along the lane running from Blaencediw to Castell- 
draenog. The member is at least 200m thick, and consists of a monotonous series of mud- 
stones, often poorly fissile compared with the underlying member. When unweathered the 
mudstones are sooty black, but they are rarely encountered in this condition, usually weather- 
ing to a blotchy, rusty colour, and breaking into crumbling fragments. 

In the centre of the southern part of the anticline, the mudstones can be examined in an old 
quarry opposite the Abbey ruins, and in the lane running from the Abbey to Pass-by, and in 
the dingle to either side of this lane. They are exposed again along the track on the west side of 
the Gronw about 4 km north of the Abbey Farm. Here the shales and mudstones can be seen 
dipping under the Cwmfelin Boeth turbidites, a fact which led Evans (1906), who confused the 
Cwmfelin Boeth and Blaencediw formations, to regard the Whitland Abbey Member as the 
oldest beds in the area (‘lowest shales’). The Whitland Abbey shales are exposed in the northern 
outcrop around Castelldraenog farm, in the farmyard and the lane leading down to the farm, 
and in the small dingle behind the farm. The mudstones are also extensively exposed in the 
stream bed of the upper reaches of the Nant Colomendy, and in the banks of the valley. 

Fossils are very difficult to collect, but the occurrence of Bohemopyge scutatrix, Cyclopyge 
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grandis grandis and Gymnostomix gibbsii in the Abbey exposures show that the age is Whit- 
landian. A small, deflexed Did ymograptus species has been collected at several localities. 


Cwmfelin Boeth Formation. The base of the Cwmfelin Boeth Formation has been taken at the 
first coarse turbidite above the Whitland Abbey Member, and this is also taken as the base of 
the Fennian Stage. It is exposed by the track along the western side of the Gronw Valley 
(locality 22), 1km NNE of The Manor at Whitland Abbey. The Formation probably exceeds 
100 m in thickness, but it is hard to be more precise because we are uncertain about how much 
fault repetition there may be, and it is clear that the turbidites thicken and thin locally. A thick 
series of such beds is present behind Whitland Abbey Farm and Manor, where they form a 
conspicuous feature, described by D. C. Evans as a ‘peculiar tump'. Over much of the outcrop 
single turbidite beds are about 1 m or less in thickness, and, unlike the Blaencediw Formation, 
they are usually well graded, with rounded clasts of rhyolite and rhyolitic tuffs, and mudstone 
flakes and plagioclase crystals. Unfossiliferous black shales a few cm thick serve to separate the 
turbidites. 

The Cwmfelin Boeth Formation is exposed around a broad area of outcrop in the southern 
anticline, where it takes the high ground between outcrops of the Whitland Abbey Member and 
the Pontyfenni Formation. It appears at intervals on the valley sides of the Afon Gronw; on the 
western side there are several old quarries in the woods, and $km south of Whitland Abbey 
Farm. The Formation is exposed at several points along the road running along the ridge north 
of Regwm to Pen-glog. West of the Nant Colomendy the Formation is exposed in an old 
quarry on the hillside south-west of Aberdeuddwr, and near the abandoned farm of Pen-cil- 
post. The best exposures are in the neighbourhood of Cwmfelin Boeth, in a quarry adjacent to 
the Henllan Amgoed road (locality 35), in several quarries on the hill to the west, and in a small 
stream south of Bryngwelltyn farm where the upward passage into the Pontyfenni Formation 
can be examined. 

Fossils are numerous in the upper part of the Formation within the turbidites, and they are 
probably derived from a relatively shallow source. Brachiopods are accompanied by the 
trilobite Asaphellus, the only horizon from which this genus has been recovered in this area. 


Pontyfenni Formation. With the disappearance of the Cwmfelin Boeth turbidites the succession 
continues upwards into a considerable thickness of black mudstones and shales of the Ponty- 
fenni Formation. The base may be formally defined above the last thick turbidite bed in the 
stream section (locality 37), near Cwmfelin Boeth, mentioned above. The whole thickness of the 
Pontyfenni Formation is nowhere exposed, but it occupies a very broad area of outcrop 
surrounding the anticlinal area and extending eastwards to Carmarthen and westwards to 
Llandissilio and beyond. We can only prove about 100m of section, but the total thickness 
must be several times this figure: 300m would probably be a conservative estimate. Parts of the 
succession are undoubtedly repeated by numerous faults and small folds, and there is local 
inversion near the southern limit of its area of outcrop. Because of the poor exposure, no 
attempt has been made to subdivide the formation on lithological grounds, although it certain- 
ly contains two successive faunas. 

The Pontyfenni Formation consists of shales and blocky mudstones. When fresh these are 
dark, sooty grey to black in colour, and the mudstones are poorly fissile, breaking conchoidally 
rather than along the bedding. In the weathered condition the mudstones become almost white, 
producing a blotchy and crumbly rock from which it is difficult to extract fossils. A weathering 
pattern of concentric rings is typically developed, and exposed surfaces are often dark choco- 
late brown or purplish, rather than vermilion like the mudstones of the succeeding Llanfallteg 
Formation. Fossils are generally sparse, but when obtained are often remarkably well pre- 
served, sometimes in full or partial relief (e.g. Figs 57, 101). The lower part of the Pontyfenni 
Formation includes shales which are more fissile than the typical mudstones, with silty and 
micaceous partings and numerous graptolites on some bedding planes. A common feature of 
many of the Pontyfenni outcrops is the presence of black, siliceous nodules, usually no bigger 
than a walnut, but occasionally 30cm across. These split with the greatest difficulty, but may 
contain very well preserved fossils. 
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Unlike some of the Whitlandian units, the Pontyfenni Formation is remarkably uniform 
lithologically—it can be traced from Carmarthen with some breaks to the St David's area. In 
the Whitland area the best (and type) exposure is at Pontyfenni on the old course of the A40 
east of Whitland. Beyond the eastern edge of the map (Fig. 2) it is again well exposed in a 
cutting by the main road just west of Banc-y-felin, and at several places, including the railway 
cutting, near Pwll-trap. It is exposed on both sides of the Afon Fenni: in an old quarry (locality 
24) in the lane leading to Llwyn-crwn farm, and in the farmyard, about 1:5km north of 
Pontyfenni; also on the western side in the streams and trackways running down from the high 
ground near Pen-glog and Pant-y-grug farms. In the area to the north of Whitland Abbey, an 
important fossiliferous outcrop is in the lane running from Pen-y-parc to Pass-by, which is in 
the lower part of the Formation not far above the last turbidite. Outcrops of Pontyfenni 
Formation in close proximity to some of the older formations prove the north-south faults 
marked on the map (Fig. 2). Below Gelli-diogyn farm, for example, a track running down to the 
stream has several exposures, while the track on the opposite side of the valley displays the 
Castelldraenog shales. Similarly, the courses of the Nant Colomendy and the stream west of the 
road from Henllan Amgoed to Llwyn Derw follow the outcrop of the soft Pontyfenni mud- 
stones, which are exposed in the stream bed, passing to either side of the Whitlandian outcrop 
with its coarse grits. Outcrops are sporadic over the main outcrop area to the west of the 
Gronw. There are several small exposures on the western bank of the Nant Cwmfelin Boeth, 
and quite an extensive quarry behind Sarn-las farm. In the north of the area the Pontyfenni 
Formation is exposed at several places along the road to Cwmmiles, in a quarry below the 
village, and along the disused railway track. The same railway cutting exposes the upper part of 
the Formation to the north of Llanfallteg. 

Pontyfenni Formation mudstones again reach the surface in what we suppose is a subsidiary 
anticline in the neighbourhood of Llandissilio (Fig. 3). Exposure is poor, but typical mudstones 
are seen about i km SW of Llandissilio in the lane side (locality 53) where the road crosses the 
Afon Rhydybennau, and west of Llandissilio in an old quarry (locality 54) 500m SSW of 
Brechfa on the B4313. 

The fauna of the Pontyfenni Formation is rich, but nowhere are trilobites common. In small 
outcrops one is most likely to find one of the characteristic cyclopygids. Small, lentil-shaped 
ostracodes are also typical. On faunal grounds we can divide the Pontyfenni Formation into 
two, but there is no question of lithological division with the poor outcrop available. 


Llanfallteg Formation. The highest mudstones of the Pontyfenni Formation grade upwards into 
the Llanfallteg Formation, the highest lithostratigraphic unit described in this paper, which 
includes within it the Arenig-Llanvirn boundary. The contact with the Pontyfenni Formation 
is nowhere well exposed, but high Pontyfenni mudstones of typical lithology, with occasional 
biserial graptolites, underlie the Llanfallteg Formation in the type section along the Llanfallteg 
railway cutting (Fig. 8). This is much the best exposure of the Formation, where at least 60m of 
section are exposed, but the complete thickness of the Formation must be somewhat greater, 
and certainly exceeds 100 m. 

The Llanfallteg Formation consists of light grey mudstones and shales, much lighter in 
colour than those of the Pontyfenni Formation. They weather white or yellowish, but do not 
become as crumbly as the weathered Pontyfenni beds. Weathered surfaces often develop a 
characteristic vermilion staining. Much of the Llanfallteg Formation is more highly fissile than 
the underlying mudstones, but the shales are very soft and trilobites and other fossils take on 
any distortion to which the rocks have been subjected. Partial stipes of Acrograptus acutidens 
are probably the commonest fossils on weathered pieces of Llanfallteg shales. The siliceous 
nodules found in the Pontyfenni Formation are uncommon in the uppermost Arenig. 

It is important to emphasize that there is no lithological change at all across the Arenig- 
Llanvirn boundary. The junction is well exposed in the small quarry at the southern end of the 
Llanfallteg railway section. As discussed below, the recognition of the Llanvirn boundary is 
governed by the sudden appearance of many ‘tuning-fork’ graptolites in the section (which are 
absent below), but this invasion is not reflected 1n any lithological change. For this reason there 
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is no possibility of dividing the Llanvirn portion of the Llanfallteg Formation into a separate 
member. 

Similar shales and mudstones continue up into the Llanvirn for some tens of metres—all are 
highly fossiliferous. Shales of this horizon are well exposed around Rhyd-y-wrách as well as in 
the Llanfallteg section. The beds become more blocky and less fossiliferous higher in the 
Llanvirn, and there is apparently a gradual transition into the typical black, micaceous fissile 
shales, mapped as bifidus beds by the British Geological Survey, that occupy a broad outcrop 
to the north and south of the Whitland area. 

The Llanfallteg Formation is an easily recognizable unit which takes up a broad stretch of 
ground in the neighbourhood of the type locality, where dips are low, and is repeated by minor 
folds and faults. We have not yet proved it in the Carmarthen area. Westwards it extends as far 
as the Scolton railway cutting, near Haverfordwest (locality 55), which has yielded a number of 
the earliest Llanvirn specimens figured in this paper. 


Biostratigraphy 


Elles' (1904, 1933) graptolite zonation is difficult to apply to much of the Arenig in south Wales, 
chiefly because the lowest two-thirds is in essentially non-graptolitic facies. Thus the correlation 
of our new stages (Fig. 11, p. 100) with the graptolite zones is tentative, but it may be possible 
to refine it in due course through Dr A. W. A. Rushton's current work on the Skiddaw Slates 
Group. 

In the Arenig of south Wales, a more precise and satisfactory biozonation can be achieved 
using trilobites, and we here propose seven assemblages biozones. It is likely that it will 
eventually prove possible to create a finer biozonation, for some of our biozones are broadly 
based. As with much of the later Ordovician, trinucleids have proved to be some of the most 
sensitive biozonal indices, and we have used these for four of our biozones. Because appropriate 
trinucleids are lacking in the Moridunian and the later Fennian, we have resorted to asaphids 
in the former and a dionidid in the latter. The seven biozones are now described in ascending 
order. 


Merlinia selwynii Biozone 


This is well developed in the Ogof Hén Formation and in the lower Carmarthen Formation 
(Pibwr Member) and well seen at localities 1, 5 and 63. The eponymous asaphid occurs 
throughout most of the biozone, but is absent from the basal part, which instead has Merlinia 
murchisoniae; the two species overlap in range in the Henllan Ash and in the Pibwr Member. 
Other typical trilobites include M yttonia fearnsidesi, Ampyx cetsarum, Neseuretus ramse yensis 
and N. murchisoni. Of brachiopods, Paralenorthis alata and Monorthis menapiae are typical. 


Merlinia rhyakos Biozone 


To date, this biozone has only been proved in the Carmarthen area, where it occurs in the 
upper part of the Carmarthen Formation (Cwmffrwd and Cwm yr Abbey members) and the 
lowest 40m of the succeeding Afon Ffinnant Formation. Here, in an olenid biofacies, it is 
accompanied by Bienvillia praecalva in the lower part and by Hypermecaspis venerabilis and 
Porterfieldia punctata in the upper. Its base is defined in Allt Pen-y-Coed, locality 5E of Fortey 
& Owens 1978, and the lower part is well seen in this section; the upper part is well displayed 
in Nant y glasdwr (Fortey & Owens 1978 localities 3A, B) and in Cwm yr Abbey (Fortey & 
Owens 1978, locality 16). 


Furcalithus radix Biozone 


The base of this biozone is drawn at locality 16J, Cwm yr Abbey. It appears to incorporate 
only a small thickness of strata, with the fauna restricted to Furcalithus radix, Ogyginus 
hybridus and Azygograptus eivionicus. It has only been identified with certainty at Cwm yr 
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Abbey and Afon Ffinnant, but is probably represented in the arenaceous facies of the Blaen- 
cediw and Abercastle formations further west, and in a locality near Mathry (R. Kennedy, 
personal communication). 


Gymnostomix gibbsii Biozone 


A suitable section to define the base of this biozone precisely has not been found, but it 
presumably lies within the lower half of the Afon Ffinnant and Penmaen Dewi formations, and 
close to the junction of the Blaencediw and Colomendy formations. It includes a considerable 
thickness of strata, and is one of the most readily recognized in the field by the presence of the 
distinctive Gymnostomix gibbsii, which is usually associated with Ogyginus hybridus. The fauna 
of the biozone is restricted, and also includes Cnemidopyge salteri, Shumardia (S.) gadwensis and 
Bohemopyge scutatrix; the most diverse and abundant fauna has been collected at Pwlluog, 
Whitesand Bay. Azygograptus hicksii is locally abundant in the Afon Ffinnant and Penmaen 
Dewi formations, and dendroid graptolites (especially Callograptus) are frequent in the Blaen- 
cediw Formation and in the lower part of the Penmaen Dewi Formation. 


Stapeleyella abyfrons Biozone 


The characteristic fauna of this biozone, dominated by Stapeleyella abyfrons and Segmen- 
tagnostus whitlandensis is found at several localities in the basal Pontyfenni Formation, imme- 
diately overlying the Cwmfelin Boeth Formation, for example at Pen-y-parc (locality 38). The 
turbidites of the latter, which intervene between this fauna and that of the top of the G. gibbsii 
Biozone, are arbitrarily included in the Stapeleyella abyfrons Biozone. 


Bergamia rushtoni Biozone 


We estimate that some two-thirds of the Pontyfenni Formation is included in this biozone; in 
our present state of knowledge it is not possible to give a finer biozonation, although the 
presence of different trinucleids (e.g. Stapeleyella aff. abyfrons) in the lower part suggests that 
this may eventually be possible. The type development is at Pontyfenni (locality 23), but 
because of the nature of the exposures it is not possible to define its base satisfactorily. Included 
in this biozone are the diverse cyclopygid and atheloptic trilobite assemblages of the Pontyfenni 
Formation which includes over half those described herein; for many groups it is their first 
known appearance in the geological record. Graptolites include D. hirundo, D. uniformis lepidus, 
Tetragraptus reclinatus and Pseudotrigonograptus ensiformis. Their presence makes this biozone 
widely correlateable outside Britain. 


Dionide levigena Biozone 


This incorporates the Arenig part of the Llanfallteg Formation, and its type development is on 
the Llanfallteg railway cutting (locality 52). Passage downwards into strata containing a B. 
rushtoni Biozone fauna can uowhere be observed. Many of the trilobites, including the tri- 
nucleid Stapeleyella inconstans, pass upwards into the Llanvirn. The same applies to the grap- 
tolites; biserials such as ‘Glyptograptus’ austrodentatus, ‘G. dentatus and Acrograptus acutidens 
cross the boundary, which is marked by the influx of abundant pendent didymograptids. 


Stages in the British Arenig 


Moridunian Stage 


Nowhere is there exposed a continuous passage between the Tremadoc and Arenig, and a 
suitable international stratotype for the base of the Arenig is lacking; the formal base of the 
Moridunian has still to be defined. It will be necessary to resort to artificial excavations to 
expose a section which will bear comparison with those outside Britain. There are two possible 
sites in Wales for such an excavation: around the type area of Arennig Fawr in north Wales, 
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Table 1 Stratigraphical distribution of trilobites and graptolites in the Arenig and basal Llanvirn in 
south Wales. Key to biozones: 1—selwynii; 2—rhyakos; 3—radix; 4—gibbsii; 5—abyfrons; 6—rushtoni; 
7—lerigena ; 8—artus. 


Moridunian — Whitlandian Fennian Lower 
———— — ee ————lanyvirn 

TRILOBITES page l 2 3 4 5 6 7 8 
Merlinia murchisoniaet ........... - E — = = = Ee E e 
Ampyx cetsarumT ................. - t _ = = Sa c = 
Neseuretus ramseyensis ........... 238 T — — = LETS = = 
Merlinia selwyniit.-................ - + = = = Edu = 
Myttonia cf. fearnsidesit .......... - + — = = CE = 
Neseuretus murchisoni ............ 239 + — — — = Ss <= = 
Bienvillia praecalvat .............. - + at = mI. = 
Merlinia rhyakost ................ - — Hs = = a saa ue 
H ypermecaspis venerabilis] ....... _ — + = = t T 
avciopyge? sp. ................... - — ES = - - — = 
Porterfieldia punctata} ........... - — do ES = m = 
Inycalithus radix .................. 208 — — EE = a E = 
EGONGA Sp. A .................... 207 — — + = 2 a MI = 
Ogyginus hybridus ................ 143 — — + ES —y LIU = 
acosindet- ....................... 148 — — = E = X = 
Segmentagnostus hirundo ......... 116 — — — + Sy HS = 
Shumardia (S.) gadwensis ......... 121 — — + = er m S 
Leioshumardia sp. A .............. 126 -— — ~ a = Gm = = 
Microparia (M.) boia.............. 172 = — _ + ur = 
Bohemopyge scutatrix ............ 136 — — — d a E EG 
Cnemidopyge salteri............... 228 — — = p = quet = 
Furcalithus sedgwicki ............. 209 — — — ES tc e z 
Gymnostomix gibbsii .............. 216 — — = + c 2 = 
Cyclopyge grandis grandis ........ 151 — — — Jt JS MERO uL = 
Segmentagnostus whitlandensis ... 116 — — — = ES z 
Asaphellus whittardi .............. 132 — — = = MORSE MP = 
Stapeleyella abyfrons ............. 213 — _ = = T -va B 
Dionidella? sp. indet. 1 ........... 222 — — _ = Ti See = 
Arthrorhachis sp. indet. ........... 114 — — — = ? re m = 
Dindymene SATON .................. 235 _ — = = TR E = 
Shumardia (S.) sp. À .............. 123 — — — — Jt 9 = zs 
Placoparia (P.) cambriensis ....... 232 _ — — — + f+ + 4 
Ellipsotaphrus monophthalmus ... 189 — = = = qu a E TL 
Stapeleyella aff. abyfrons ......... 215 — — = = = 3 = 2 
Leiagnostus cf. erraticus .......... 112 = — — — = d = = 
Shumardia (Conophrys) crossi .... 123 - — — = =p. v 2 
Girranopyge sp. indet. ............ 127 — — = = — e ie = 
Bohemilla (Fenniops) sabulon ..... 129 — — — = = d = = 
Cyclopyge grandis brevirhachis ... 154 — — — — = de = = 
Cyclopyge cf. umbonata ........... 156 — — — — = m = 
Degamella evansi .................. 157 — — — = — + = = 
Microparia (M.) broeggeri ........ 164 — — = = cp em T 
Dcpundet: Í .................... 173 — — — — = + = = 
M. (Heterocyclopyge) sp. indet. .. 174 _ — = — — + = = 
Prospectatrix cf. superciliata ..... 176 -— — — — — + - = 
uriq glans ...................... 177 — — — — — d -— = 
Pricyclopyge binodosa 

Emcepnhala ..................... 181 — = = = = ES ~ N 
EK ra... ............ usss. 184 — — — = = F lI = 
Circulocrania orbissima ........... 187 = — — — = “b = = 
Hsitacella cf. doveri ................ 190 — — — — — E: 
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Moridunian Whitlandian Fennian Lower 
A S ae o ee A Llanvirn 
TRILOBITES page 1 2 3 4 5 6 7 8 
Barrandia sp. indet. ............... 193 — — — = = 2 = 
Illaenopsis harrisoni .............. 194 — — — = c = 
Bergamia rushtoni ..............+.. 205 — — — = — = E 
Ampyx linleyoides ................. 223 — — — = =e = 
Ectillaenus ?bergaminus .......... 202 — — — = = ES = 
Dionidella? sp. indet. 2 ........... 223 — — — = = E E 
Colpocoryphe taylorum ........... 241 — — — = Pa = = 
Ormathops nicholsoni ............. 244 — — — = = ews = 
Corrugatagnostus cf. refragor .... 113 — — — = = E = 
Segmentagnostus scoltonensis .... 118 — — — — = A = dt 
Microparia (M.) porrecta ......... 168 — — — — = i & i 
Selenopeltis buchi 
macrophthalma ................. 250 — — — — = ù #4 E 
Dionide levigena ................ s. 220 = — — — — = + dt 
Placoparina Spaa ee cee 231 — — — — — Se E 
Dindymene didymograpti? ........ 237 — — — = = = ee I 
Microparia (M.) teretis ........... 170 — — — E Soe de at 
Novakella copei ................... 174 — — — _ = = a mE 
Pricyclopyge binodosa binodosa .. (181) — — = = — = st 
Barrandia homfrayi ............... 191 — — = = — CM d 
Stapeleyella inconstans ........... 212 — = — — = D $ 
Ampyx linleyensis ................. 226 — = = = = =e -E 
Seleneceme acuticaudata .......... 230 = — — — = = + a 
Ectillaenus perovalis .............. 119 — — — — = = + E 
Ormathops llanvirnensis ........... 247 — — = — = = d + 
Cyclopyge kossleri ................ 155 — = = = = = = di 
Gastropolus obtusicaudatus ....... 161 — — _ — = = = ES 
Microparia (M.) aff. broeggeri .... 168 — — = = = = E $ 
Selenopeltis buchi buchi ........... 249 _ _ _ — = = = $ 
Dionide turnbulli .................. 219 — — = = = C M AL 
GRAPTOLITES 
Phyllograptus cf. densust ......... - + = = = N Ps > 
P. cf. angustifolius ............... - + = = = a pm = 
zygograptus eivionicus .......... 276 — — + ? — — = — 
AB RICKS aececi EOS 275 — — — + — ae = 
Tetragraptus (T.) serra ........... (251) — — — 4+ = = = = 
Didymograptus (Expansograptus) 
goldschmidti .................... 272 — — = ap q P= = 
D. (Expansograptus) sparsus ...... 267 — — — = ft d S - 
Tetragraptus (T.) reclinatus 
reehnatus tn mere 252 — — — — do d = = 
T. (T) reclinatus abbreviatus ..... 253 — = = = = 4t m, »- 
T.(T.) bigsbyi askerensis ......... 252 — — — — — + — = 
D. (Expansograptus?) uniformis 
lepidus oee 1... m 270 — — — — = ES n Es 
D. (Didymograptellus) sp. ......... 260 — — = = tas He zh. 
Pseudotrigonograptus ensiformis . 278 — — = = I ip m E 
Pseudisograptus stellus* .......... - — — _ = xe 3i MP = 
Isograptus caduceus subsp.* ...... - — — = = io. an = 
D.(Expansograptus) hirundo ..... 260 — — — = 5 JL 2 an 
*Glyptograptus' dentatus .......... 282 — = = = = at 4 + 
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Moridunian Whitlandian Fennian Lower 
ede A Llanvirn 

GRAPTOLITES page l 2 3 4 5 6 7 8 
Glossograptus acanthus ........... 281 _ _ = = —— Io aL 
‘Glyptograptus’ austrodentatus ... | 284 — — _ = = =a + 3p 
Acrograptus acutidens ............ 278 = — — = = = & ae 
2D A ocana eeenenoeee neces 280 _ _ _ _ = = = i 
Didymograptus (D.) artus ......... 258 — _ _ = 2- = aft 
D. (D.) spinulosus .................. DSS — — = = = Se = + 


+ Trilobites and graptolites marked with a dagger were described by Fortey & Owens (1978). 
* Graptolites marked with an asterisk were described by Jenkins (1982). 


and in the Carmarthen-Llangynog area of south Wales. Both, however, have attendant prob- 
lems. At Arennig the position of the boundary coincides with the site of emplacement of an 
intrusion (Zalasiewicz 1984a), but this complication probably does not apply in the Carnedd 
Iago area, a short distance to the north. In the Llangynog district exposure is poor, and the 
area is structurally complex (Owens et al. 1982: fig. 1). We are currently investigating the 
possibilities of the few available sites in Wales, and recent discoveries in the Lake District are 
promising. 

The Moridunian incorporates the Merlinia selwynii and M. rhyakos biozones (Figs 4, 5). Its 
most complete development is to be found in the Carmarthen area, although the best section 
for the lowest part is the type section of the Ogof Hén Formation on Ramsey Island (locality 
63). The overlying Carmarthen Formation crops out only in the Carmarthen area, the only 
district in Wales where the upper part of the Stage has been proved. Faunally, the stage is 
characterized by the trilobites Merlinia, Neseuretus, M yttonia and Ampyx and by the brachio- 
pods Paralenorthis and Monorthis. The oldest beds are of particular interest because they have 
yielded some of the earliest crinoids (Ramseyocrinus cambrensis), parablastoids (Blastoidocrinus 
antecedens) and asteroids (Petraster ramseyensis), as well as those of various groups of bivalves, 
currently being investigated by Dr J. C. W. Cope. 


Whitlandian Stage 


The standard section for the base of the stage is below the bridge in Cwm yr Abbey (SN 5002 

1985) in a continuous stream exposure of the Afon Ffinnant Formation, 40 m above the base. It 

coincides with the Merlinia rhyakos-Furcalithus radix Biozone boundary. The fauna below the 
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Fig. 5 Summary of stages and biozones in the British Arenig. 
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Fig. 6 Map showing proposed stratotype for the base of the Whitlandian Stage at Cwm yr Abbey, 
east of Carmarthen (see Fortey & Owens 1978: 231, fig. 3). 


boundary includes M. rhyakos and abundant Porterfieldia punctata and that above it Ogyginus 
hybridus, F. radix and orthoconic nautiloids. 

The higher part of the Whitlandian, which incorporates the Gymnostomix gibbsii Biozone, is 
represented in the Carmarthen area by the upper part of the Afon Ffinnant Formation which 
contains abundant G. gibbsii and O. hybridus, but the most complete and fossiliferous section is 
at Pwlluog, Whitesand Bay, in the Penmaen Dewi Formation. The trilobite fauna of this stage 
in its type development is characterized by the trinucleid genera Furcalithus and Gymnostomix, 
which are restricted to it, the asaphids Ogyginus hybridus and Bohemopyge scutatrix and the 
shumardiid Shumardia gadwensis. The graptolite fauna is small, and is dominated by Azygo- 
graptus. 


Fennian Stage 


The base is defined in the lane exposure opposite the bridge leading to Cwm-banau, north of 
Whitland (SN 2123 1862), at the base of the Cwmfelin Boeth Formation. Strata on either side 
of the boundary have yielded few fossils in the immediate vicinity, but the Whitland Abbey 
Member of the Colomendy Formation has yielded a typical G. gibbsii Biozone fauna at nearby 
Whitland Abbey. The Cwmfelin Boeth Formation carries a distinctive (allochthonous) fauna of 
articulate brachiopods, Asaphellus and Cyclopyge grandis grandis. Apart from the turbidites of 
the Cwmfelin Boeth Formation, much of the stage in its type development in the Whitland area 
is represented by sediments of offshore origin which carry a mixed graptolite-trilobite fauna. 
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Fig. 7 Map showing proposed stratotype for the base of the Fennian Stage, northeast of Whitland 
Abbey (see Fig. 2). 


The trilobites are dominated by cyclopygids, especially Pricyclopyge, and by the atheloptic 
assemblage of blind or small-eyed benthonic forms described below. The trinucleids Bergamia 
and Stapeleyella are typical of the stage, although both extend upwards into the Llanvirn. 

The Fennian includes at least part of the I. gibberulus and all the Didymograptus hirundo 
graptolite biozones (see Fig. 11, p. 100). Jackson (1962) recognized the D. hirundo Biozone in the 
Lake District more from the abundance of biserial graptoloids than from the presence of the 
eponymous species. As Jenkins (1982) has observed, the ranges of D. hirundo and I. gibberulus 
overlap, and both can be found below the range of biserials. On Jackson's criterion, only the 
highest part of the Fennian (Dionide levigena Biozone) in the Llanfallteg Formation of south 
Wales would conform to his usage of the Didymograptus hirundo Biozone. The range of D. 
hirundo certainly extends down into the Bergamia rushtoni trilobite Biozone, and it is this fauna 
which includes identical trilobite species to those at Randel Crag in the Lake District. It is 
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likely that the Dionide levigena and B. rushtoni Biozones together are equivalent to all the 
Didymograptus hirundo and at least part of the I. gibberulus Biozones, and in Jackson's (1962) 
usage the zonal boundaries would approximately coincide. Further refinement of detailed 
graptolite taxonomy from the Lake District, as opposed to the gross aspect of the fauna, will 
help to place these correlations on a firmer basis. 


The Arenig-Llanvirn boundary 


The base of the Llanvirn Series defines the top of the Fennian. The type locality of the Llanvirn 
is on the coast at Abereiddi Bay, north of St David's, SW Dyfed (Hicks 1881, Hughes et al. 
1982, Whittington & Rickards in Whittington et al. 1984) where the boundary between the 
Arenig and Llanvirn is placed with some question between the Penmaen Dewi Formation and 
the Aber Mawr Shale Formation. The problem here is that the boundary interval is not well 
exposed and lacks fossils, and prolonged search in temporary sections apparently close to the 
Llanvirn boundary as Caer-Rhjs Farm (at SM 7954 3031 and SM 7957 3050) in 1974 and 1977 
failed to provide any. 

The early Llanvirn has a rich fauna, and has traditionally been distinguished regionally from 
the underlying Arenig by the appearance of tuning-fork graptolites. The best section for the 
boundary interval that we have been able to find is at Llanfallteg, near Whitland (locality 52), 
where the exposure is continuous, fossiliferous, and with little distortion (Fortey & Owens in 
Rushton et al. 1979). Here, the boundary lies within the Llanfallteg Formation, and there is 
every indication that sedimentation was continuous. As might be expected in such circum- 
stances there is no sharp faunal break at the Llanvirn boundary (Fig. 9), which has to be 
arbitrarily taken at the appearance of the first tuning-fork graptolites. Many other species 
appear for the first time lower in the section, and continue upwards into the Llanvirn. This 
kind of gradation is to be expected in a truly continuous succession and we do not regard it as 
a disadvantage. It would have been possible to take a lower horizon as the base of the Llanvirn, 
e.g. at the appearance of the first abundant biserial graptolite fauna, but this would have placed 
it at or near the base of the Llanfallteg Formation, and at a lithological change, which seems 
inadvisable especially as it also takes the boundary away from the horizon traditionally used. 

We know of one other Welsh section in which there is continuous exposure across the 
Arenig-Llanvirn boundary, that on the Afon Seiont, Caernarfon (Elles 1904). Fossils are rarer 
here, and because it is much more distant from the type area of the Llanvirn, we do not 
consider that the section is appropriate as a potential stratotype for the Arenig-Llanvirn 
boundary. 


Name of basal Llanvirn biozone 


The earliest biozone of the British Llanvirn has been termed the Didymograptus bifidus Biozone. 
D. bifidus (Hall) is a species from the Quebec Group, and it occurs in rocks of Arenig, not 
Llanvirn, age. It has recently been shown (e.g. Cooper & Fortey 1982, Jenkins 1983) that Hall's 
D. bifidus is not conspecific with the British Llanvirn forms identified with D. bifidus by Elles & 
Wood (1901). Obviously a new name is needed for the British early Llanvirn Biozone; on 
recent stratigraphical columns it has tended to appear as the D. ‘bifidus Biozone. Jenkins (in 
Hughes et al. 1982) utilized ‘Glyptograptus’ dentatus for this purpose. This is not an apposite 
choice, because we show here (p. 282) that the range of ‘G. dentatus extends well down into the 
Arenig. We suggest that the Biozone of Didymograptus artus is a suitable replacement. D. artus 
is widely recorded from this horizon, and is probably one of the more distinctive species in the 
variable plexus of Llanvirn pendent didymograptids. 


Are stages necessary? 


Chlupaé, Flügel & Jaeger (1981) have presented a case that the ‘series’ of the British Ordovician 
are not greatly different in duration from stages in other parts of the geological column, and 
that the division of the British ‘series’ into stages (in the Caradoc, for example) represents an 
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Fig.8 Map of Llanfallteg railway cutting (disused), showing position of localities spanning the 
Arenig—Llanvirn boundary. 
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Fig. 9 Range chart of trilobites and graptolites o 
across the Arenig-Llanvirn boundary at Llan- o m — 
E : : ` : m` ar 
fallteg cutting. Asterisks indicate species not so E> 
recorded from the early Llanvirn here, but at N & os 
nearby localities, and arrows Fennian species a 9 o 
from outcrops north of the measured section. D ° z 
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distance above or below boundary 
(in metres) 


TRILOBITES 
Corrugatagnostus cf. refragor 
Segmentagnostus scoltonensis 
Microparia (M.) teretis 

Microparia (M.) aff. broeggeri 
Novakella copei 

Pricyclopyge binodosa binodosa 
Ellipsotaphrus monophthalmus 
Barrandia homfrayi 

Ectillaenus perovalis 

Stapeleyella inconstans 

Dionide levigena 

Ampyx linleyensis 

Seleneceme acuticaudata 
Placoparina sp. 

Placoparia (P) cambriensis 
Dindymene ?didymograpti 
Ormathops llanvirnensis 
Selenopeltis buchi macrophthalma 
GRAPTOLITES 

Didymograptus (D) artus 
Didymograptus (D.) spinulosus 
Acrograptus acutidens 
Acrograptus? sp. A 
Glossograptus acanthus 
*Glyptograptus" dentatus 
“Glyptograptus” austrodentatus 


unnecessarily fine subdivision, which was not considered useful in the international strati- 
graphical arena. We need to justify the introduction of stages within the Arenig Series here. 


1. If the Ordovician (including Tremadoc) is taken as lasting between 65 (Harland et al. 1982) 
and 78 m.y. (McKerrow et al. 1985), we may estimate the duration of our proposed stages as 
follows. We assume that the Ordovician series are equal in duration, except that the Llanvirn 
and Llandeilo taken together are regarded as no longer than any other series. The Llandeilo 
has long been recognized as comparatively short, and our assumption is justified by the 
numbers of graptolitic divisions which can be recognized within a series. We regard the 
Harland et al. estimated duration of lO m.y. for the Llandeilo, which consists of only one 
biozone, as improbable. On our estimation the Arenig would have lasted between 13 m.y. and 
15m.y., according to which radiometric age estimate is followed. Our three stages, if about 
equal in duration, would each have the order of magnitude of 4 to Sm.y. Stages in the Jurassic 
are about 6m.y. on average. There is thus little difference in estimated duration between our 
Arenig stages and those of the Jurassic, which are often accepted as exemplifying what a stage 
should be. The stage divisions of the Caradoc would still be considerably more finely drawn 
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(less than 2 m.y. if the chronology of Harland et al. is followed) and the criticisms of Chlupaé et 
al. (1981) might be more persuasive at this stratigraphical level. 


2. Stage names exist in Scandinavia (and Estonia) for the Arenig interval. Why not apply these 
names to the British series? First, as we discuss below, the criteria for correlation with the 
Scandinavian succession are few and uncertain. Second, Britain probably lay at the edge of the 
Gondwanan continent (Cocks & Fortey 1982), well removed and at a latitude different from the 
Scandinavian craton. Faunal provinciality was at a maximum in the Arenig. In the words of 
Chlupáé et al. (1981: 78) 'separate and different sets of stages for a single system are deemed 
acceptable for distinct palaeobiogeographic regions as long as sufficiently precise interregional 
correlations cannot be achieved.’ The British regional stages should form the standard for the 
Gondwanan sector. 


3. Stages defined on graptolitic rocks are based on the sequence of faunas in Victoria, Australia 
(Thomas 1960). They have been widely applied in North America and New Zealand, and are of 
correlative value in China, arctic U.S.S.R., South America and elsewhere (Cooper & Fortey 
1982). Four stages (Bendigonian (part), Chewtonian, Castlemainian and Yapeenian) approx- 
imate to the Arenig Series, a division on about the same scale as that proposed here. 


4. The threefold division used here has already proved its worth in refining our understanding 
of sedimentation and correlation of Arenig sequences within the British Isles. It approximates 
to the informal threefold division of the Arenig in the Pacific graptolite realm (lower, ‘middle’ 
and ‘upper’) suggested by Cooper & Fortey (1982: 168). There are still many difficulties in the 
way of detailed correlation, not least the endemicity of the faunas, but this correspondence does 
at least permit informal discussion of worldwide events during the Arenig, with reference to the 
type development of the Series. 


In summary, proposition of Arenig stages is justified because they are divisions broad enough 
to be commensurate with stages elsewhere in the geological column, and comparable with other 
subdivisions already usefully employed through the same time interval. Separate stage divisions 
for the type area are particularly applicable to the Arenig where correlation problems are at 
their most acute; our divisions may provide a standard for Gondwana. Finally, they have 
already proved useful nationally, and there is reason to suppose that they will correspond to a 
broad-scale, and practical, threefold division of the Arenig on the international scale. 


Correlation in the British Isles 


1. St David's-Haverfordwest 


Cox (e.g. 1916: 283, 1930: 279) stressed the twofold division of the Arenig in Pembrokeshire 
into a lower arenaceous and an upper argillaceous division. It is now evident (see p. 94) that the 
arenaceous sediments in this area, as elsewhere, are not coeval, and the succession is therefore 
more complex than has been supposed. 


Moridunian. The Ogof Hén Formation at its type development rests discomfortably upon 
“Lingula Flags’ (Ogof Velvet Formation of Kokelaar et al. 1985). The faunas from the earlier 
sandy/silty sediments are rich and well known (see Bates 1969), dominated by Paralenorthis 
alata (Sowerby) Monorthis menapiae (Davidson), Merlinia murchisoniae (Murchison) and 
Neseuretus ramseyensis Hicks, and are broadly equivalent to those of the Bolahaul Member at 
Carmarthen. The Ogof Hén Formation also crops out along the north side of the St David's 
anticline near Carnedd-lleithr and Llan-verran, and was formerly exposed near Tremaenhir, 
NW of Solva (Hicks 1873). Other arenaceous strata in the neighbourhood, formerly equated 
with the Ramsey Island succession, are now known to be of early Whitlandian age, and belong 
to the Abercastle Formation (see below). Later Moridunian strata have nowhere been proved 
| in this area, unless the olenid recorded from the Roch borehole (Dr A. W. A. Rushton, verbal 
communication 1984) is conspecific with one of those from the Carmarthen Formation. 
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However, it is possible that some of the Arenig sequence exposed between Aber-mawr and 
Pwllderi on the west side of Pen Caer is of Moridunian age. Cox (1930: 281) described 200 feet 
of flaggy sandstones and micaceous sandy shales as ‘Abercastle and Porth Gain Beds’ which 
are apparently underlain by flags, quartzites and dark shales variously named the Cerrig 
Gwynion Quartzite, Trwyn Llwyd Quartizite, Aberbach Quartzites, Porth Duggan Flags and 
Porth Duggan shales. He noted (1930: 280) that they included lithological types peculiar to this 
region of Pembrokeshire in the Arenig. They occur in three fault-bounded outcrops, and some 
horizons have yielded Callograptus and lingulacean brachiopods, but no diagnostic fauna. 
Since the Abercastle Formation is of early Whitlandian age, a large proportion of these sedi- 
ments may, by inference, be of Moridunian age; if they are, it seems that in this area compara- 
tively shallow-water conditions persisted throughout the Moridunian. However, further work is 
needed before their age and correlation can be placed on a firmer footing. 


Whitlandian. Cox (1916) divided the arenaceous sediments underlying the Tetragraptus Shales 
in the Abereiddi-Abercastle area into the Abercastle Beds below and the Porth Gain Beds 
above. The Abercastle Beds, a series of cleaved, sandy blue-grey mudstones, are exposed in the 
cores of anticlines at Abercastle and at Pwll Llong, about 1 km to the west. Nowhere is the base 
seen. In thin section the rocks show numerous phenocrysts of plagioclase felspar and rounded 
lava fragments derived from the erosion of a calc-alkaline magma similar io that of the 
Treffgarne Volcanic Formation. The Porth Gain Beds have a larger outcrop, being exposed at 
various points along the coast from Porth Egr in the west to Aber Yw, a short distance east of 
Abercastle. They comprise micaceous sandy mudstones overlain by a coarse felspathic grit. 
They can be observed to pass upwards into the Tetragraptus Shales near the jetty on the east 
side of Porth Gain (locality 59). In most outcrops, they are faulted at their base against Lingula 
Flags, although sandy mudstones like those at Porth Gain can be seen passing down into the 
Abercastle Beds at Abercastle (Cox 1916: 287). Cox (1916: 288) was of the opinion that these 
are almost certainly the correlatives of the sediments at Porth Gain, an opinion with which we 
concur. 

We regard this succession as comprising the Abercastle Formation, and consider Cox's Porth 
Gain Beds to be a member at the top. The presence of Ogyginus hybridus (in the past usually 
referred to ‘O. selwynii’) in the lower part of this formation indicates its Whitlandian age and its 
equivalence to the Blaencediw Formation of the Haverfordwest and Whitland areas; an orthid 
brachiopod which occurs in the Porth Gain Member at Porth Gain also occurs in the Blaen- 
cediw Formation and in the lower part of the Rhyd Henllan Member of the Colomendy 
Formation at Whitland. Although they have afforded no fossils, the siltstones and sandstones 
on the northern part of Trwynhwrddyn are lithologically like the Abercastle Formation, with 
which we here tentatively equate them, rather than with the Ogof Hén Formation as has been 
the practice in the past. The nature of the junction with the underlying Lingula Flags here is 
controversial; the presence of a thin conglomerate suggests an unconformable base for the 
Arenig, although the whole area of the boundary is much disturbed by faulting. 

A further arenaceous division, the Brunel Beds, was described by Thomas & Cox (1924) from 
the Brunel cuttings on the east side of the Treffgarne Gorge. These overlie a succession of 
extrusive igneous rocks, the Treffgarne Volcanic Formation. At the northern end of the Brunel 
cuttings the Brunel Beds have yielded a fauna of dendroid and extensiform graptolites. Correla- 
tive strata in Triffleton Quarry a short distance to the east have yielded a richer fauna including 
Ogyginus hybridus which shows them to be equivalent to the Blaencediw Formation in which 
we here include them. Some of the rocks described as Brunel Beds by Williams (1934) from the 
east end of the St David's anticline may also be equivalent (but see above, under Moridunian). 
The succession at the southern end of the Brunel cuttings is apparently separated by a fault 
from those at the northern end, and the lowest sediments seen, at the extreme southern end, are 
cream-coloured shales lithologically somewhat resembling the Treffgarne Bridge Beds of Upper 
Cambrian (Merioneth Series) age. They have yielded a fauna of lingulacean brachiopods and 
occasional bivalves, the latter including Glyptarca, a genus not hitherto recognized from pre- 
Arenig strata and known from the Ogof Hén Formation on Ramsey Island (Dr J. C. W. Cope, 
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personal communication 1984). Their precise age remains equivocal, but has implications for 
that of the Treffgarne Volcanic Group, which may be of early Arenig or Tremadoc age. lts 
resemblance to the Tremadoc Rhobell Volcanic Group of Gwynedd favours the latter (Dr R. E. 
Bevins, personal communication 1984). Rounded lava fragments of Treffgarne type are 
common in the Blaencediw Formation at Triffleton. Sediments closely resembling the Rhyd 
Henllan Member of the Colomendy Formation overlie the Blaencediw Formation in the 
country adjacent to Triffleton Quarry, but have so far yielded no fauna. 

The Tetragraptus Shales of the St David's peninsula were named the Penmaen Dewi Shale 
Formation by Jenkins in an unpublished Ph.D. thesis (University of Cambridge 1979) and by 
Hughes et al. (1982) in an excursion guide. The latter (1982: 54) inferred that the type section 
was at Pwlluog, Whitesand Bay. However, although they are most fossiliferous there, owing in 
part to favourable cleavage-bedding relationship, they are in faulted contact with the under- 
lying (presumed) Abercastle Formation; this circumstance renders it an unsuitable section in 
which to define the base. We here define the base of the formation (whose name we here 
shorten to Penmaen Dewi) at the jetty on the east side of Porth Gain (loc. 59), where its 
passage downwards into the underlying Porth Gain Member of the Abercastle Formation is 
well exposed. The only richly fossiliferous section is at Pwlluog. Beds near the base, in Hicks' 
(1875) ‘Lower Arenig’, have yielded Bergamia? sp., O. cf. hybridus, an orthid brachiopod and 
dendroid graptolites, suggesting that this horizon is not far above the Abercastle Formation. 
Higher horizons, as for example at the north end of the section (Hicks' (1875) ‘Middle Arenig’), 
have afforded Gymnostomix gibbsii, Furcalithus sedgwicki, Bohemopyge scutatrix, Cyclopyge 
grandis grandis, Cnemidopyge salteri and Shumardia gadwensis, the richest known assemblage of 
the G. gibbsii Biozone in south Wales. These faunas clearly show that the Penmaen Dewi 
Formation is equivalent to the Colomendy Formation at Whitland and most of the Afon 
Ffinnant Formation (see below) at Carmarthen. 


Fennian. Because they tend to be well cleaved, most of the higher beds of the Penmaen Dewi 
Formation on the mainland have yielded no fossils, and their assumed Fennian age cannot be 
proved, only inferred on the assumption that the succession is complete. At Pwllderi, Pen Caer, 
shales lithologically like the Pontyfenni Formation are said to have yielded extensiform didy- 
mograptids (Cox 1930: 284), although we have not seen any material, and failed to collect any 
further. Similar shales in the Spittal district, Haverfordwest, are badly cleaved, and have yielded 
no diagnostic fauna. 

On Ramsey Island, the Road Uchaf Formation (Kokelaar et al. 1985) has yielded a rich early 
Fennian graptolite fauna including Isograptus caduceus (Salter) sspp., Pseudisograptus stellus 
(Hopkinson) and numerous dendroids at Road Uchaf (Jenkins 1982), whilst the Arenig part of 
the overlying Aber Mawr Formation (of Kokelaar et al. 1985, not of Hughes et al. 1982), the 
pencil slates at Aber Mawr, lithologically like the Pontyfenni Formation, have yielded abun- 
dant extensiform didymograptids, Degamella evansi and Ormathops nicholsoni, indicative of the 
Bergamia rushtoni Biozone. Attenuated equivalents of the Arenig part of the Llanfallteg Forma- 
tion have yielded no fossils on Ramsey Island (Aber Mawr), and nor have the equivalent strata 
on the mainland. 


2. The Carmarthen area 


The lower, more arenaceous part of the Bolahaul Member of the Ogof Hén Formation con- 
tains the earliest Moridunian fauna in the area, and with Merlinia murchisoniae, Neseuretus 
ramseyensis and Paralenorthis alata compares closely with the Ogof Hén fauna from Ramsey 
Island. The higher, more muddy part of the member has M. murchisoniae, Neseuretus murchi- 
soni and Ampyx cetsarum, but very few articulate brachiopods. The succeeding Pibwr Member 
of the Carmarthen Formation is dominated by Merlinia selwynii, with rare A. cetsarum, M. 
murchisoniae, M yttonia cf. fearnsidesi and Pseudophyllograptus spp. These faunas are closely 
matched in the Henllan Ash (see below). The remainder of the Carmarthen Formation has a 
characteristic olenid fauna, not yet identified elsewhere. The Carmarthen Formation is con- 
formably overlain by a thick sequence of alternating shales and turbidites comprising what we 
here name the Afon Ffinnant Formation. The base is defined at the base of the first turbidite 
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below the bridge in Cwm yr Abbey (SN 5002 1983). The lowest beds are of Moridunian age, 
but the bulk of the formation belongs to the Whitlandian (Furcalithus radix and Gymnostomix 
gibbsii Biozones). Ogyginus hybridus occurs throughout, accompanied by F. radix at the base 
and by G. gibbsii for most of the rest of the sequence. The turbidites contain polydeformed 
clasts of Precambrian quartz and schist, indicating erosion of a Precambrian basement, pre- 
sumably to the south. Probable higher Whitlandian strata with Bohemopyge scutatrix occur in 
Capel-Dewi stream (Survey locality Carm. 40NW W147) in a fault-bounded outcrop. These 
Whitlandian faunas correspond closely with those of the Colomendy and Penmaen Dewi 
formations further west. Fennian faunas which include Ormathops nicholsoni, Illaenopsis harri- 
soni and Pricyclopyge binodosa eurycephala have also been recorded from Capel-Dewi stream, 
and evidently broadly correspond with the Pontyfenni Formation, and the presence of Asa- 
phellus whittardi near the old adit (locality 20E) suggests early Fennian, by analogy with its 
occurrence in the Whitland district. Elsewhere in the Carmarthen district, proved Fennian 
strata occur only in isolated exposures in the neighbourhood of Bancyfelin (e.g. locality 21). 


3. North Wales 


The stratigraphy and graptolite fauna of the type Arenig area has been recently revised by 
Zalasiewicz (1984a), who employed Lynas' (1973) nomenclature from the neighbouring Mig- 
neint. He recognized three successive graptolite faunas, a lower one in the Llyfnant Member 
characterized by Didymograptus aff. simulans, a middle one in the Henllan Ash Member with 
Azygograptus cf. eivionicus and an upper one from the top of the Henllan Ash with Didy- 
mograptus cf. praenuntius and Tetragraptus reclinatus. He noted that these faunas offered no 
firm correlation with any of the deflexus, nitidus or gibberulus Biozones, but showed that there 
was no clear evidence for the hirundo Biozone, as previously claimed (e.g. by Fearnsides (1905), 
Lynas (1973)). Whittington (1966) described the limited trilobite fauna of the Henllan Ash; of 
this, Merlinia murchisoniae, Neseuretus murchisoni and Ampyx cetsarum occur also in the higher 
part of the Bolahaul Member in south Wales, whilst M. murchisoniae and A. cetsarum are 
common to the Pibwr Member. These indicate a Moridunian age for the Henllan Ash, and it is 
likely that most, if not all, of the Whitlandian and Fennian are absent from the type area. 

Work in progress by A. Beckly has proved the presence of all three Arenig stages in the ` 
western Lljn (Fig. 10, p. 95), and much of the Arenig is probably also present in the Bangor- 
Caernarfon area; Elles (1904) described the Afon Seiont sequence which apparently has repre- 
sentatives of the gibberulus and hirundo Biozones, and Jenkins (1982) demonstrated the 
presence of the gibberulus Biozone on the Menai Strait. Correlation of the largely arenaceous 
sequence on Anglesey (Bates 1972) with the rest of the Welsh Arenig is equivocal. Williams 
(1974: 12) noted the common occurrence of Paralenorthis proava in the Carmel Formation and 
the Henllan Ash, but Dr M. G. Bassett has examined specimens from the latter in the collec- 
tions in the National Museum of Wales and considers them to be closer to P. alata, and not to 
belong to P. proava. This means that there are no species in common, for the trilobites, 
Neseuretus monensis, Ogyginus? sp. (Ogygiocaris selwynii of Bates 1968a), Ampyx sp. and Anna- 
mitella (= Monella) perplexa are all endemic. A “late Arenig' age was implied for the succeeding 
Treiorwerth Formation by analogy of its brachiopod fauna with that of the Summerford 


| Group, Newfoundland (Neuman & Bates 1978: 577). Assuming this to approximate to the 


Fennian, the Carmel Formation may by implication be Whitlandian, or could fall also within 
the Fennian. In the adjacent Bangor area Beckly has found new asaphid and Neseuretus species 
in arenaceous deposits underlying shales with Azygograptus eivionicus, which are of Whit- 
landian age. It seems that shallow-water onshore conditions prevailed in much of the Whit- 
landian and Fennian in the Bangor-Anglesey area, although the offshore mudstones with 
isograptids on the Menai Strait of gibberulus Biozone age suggests that the pattern is more 
complex, and is likely also to involve structural factors. 


| 4. Shelve 


| Before our work in south Wales, the richest known Arenig shelly faunas from England and 
Wales originated from the Mytton and Tankerville Flags, and the trilobites, brachiopods and 
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graptolites have been described by Whittard (1955-67), Williams (1974) and Strachan (1986) 
respectively. The basal transgressive Stiperstones Quartzite has yielded only Neseuretus gran- 
dior, which we consider to be a synonym of N. ramseyensis which occurs in the Ogof Hén 
Formation; this being the case, the two formations would appear to be approximately coeval. 
The lowest third of the Mytton Flags contains trinucleids, asaphids and calymenids. The two 
former are represented by endemic species, although related species of the same genera occur in 
the Henllan Ash and Ogof Hén and lower Carmarthen formations. Of the calymenids, Neseu- 
retus parvifrons occurs also in the Henllan Ash, whilst N. murchisoni is common to that 
formation and the upper part of the Bolahaul Member in the Carmarthen district, which 
implies that this part of the Mytton Flags equates with the Moridunian. The presence of 
Cyclopyge grandis grandis about 300m above the base of the Mytton Flags suggests a Whit- 
landian or early Fennian age, although the characteristic Whitlandian asaphid and trinucleid 
species are absent. The diverse trinucleid fauna from the top third of the Mytton Flags has no 
counterpart in Wales, but occurring as it does above the level with C. grandis grandis must be 
either late Whitlandian or early Fennian in age. The apparent presence of N. parvifrons with 
this fauna suggests that this species persisted longer at Shelve, perhaps because rather shallow 
water conditions continued. The fauna of the Tankerville Flags and Shelve Church Beds 
includes the trilobites Asaphellus whittardi, Placoparia cambriensis, Pricyclopyge binodosa and 
Selenopeltis buchi macrophthalma and the graptolite Didymograptus (Expansograptus) hirundo, 
which occur in the Fennian in south Wales. There is no indication at Shelve of the late Fennian 
fauna found in the Llanfallteg Formation; this fauna and its containing sediments apparently 
represent a regressive phase (see also p. 105), and the on-shelf position of the Shelve inlier might 
mean that it did not reach this area. It is likely, therefore, that the latest Arenig is absent from 
Shelve, and it is possible that there are also gaps within the Mytton Flags sequence, as might be 
expected in a relatively onshore shallow-water succession. 


5. The Lake District 


The Skiddaw Group, a series of flaggy sandstones, silty mudstones and slates, is generally 
rather poorly fossiliferous. The supposed Tremadoc age of certain beds at Barf has long been 
discounted (Molyneux & Rushton 1985: 123), but definitive late Tremadoc trilobites and acri- 
tarchs have recently been found in the River Calder section at the western edge of the outcrop. 
A late Lancefieldian graptolite fauna identified from the area north of Skiddaw (Rushton 
1985b) suggests that it might be possible to find a continuous Tremadoc-Arenig passage in the 
Skiddaw Slates, but despite past claims to the contrary, T. approximatus has not been found 
(Stone & Rushton 1983). The Hope Beck Slates, hitherto thought unfossiliferous, have recently 
yielded Didymograptus cf. vacillans Tullberg (Molyneux & Rushton 1985), indicative of the 
deflexus Biozone, which is also the age of the succeeding lower part of the Loweswater Flags; 
the upper Loweswater Flags contain a nitidus Biozone fauna. The Hope Beck Slates and 
Loweswater Flags thus broadly equate with the Moridunian and Whitlandian stages, but have 
not afforded any of the characteristic trilobites. The report of ‘Trinucleus gibbsii from the 
Ullswater inlier cannot be substantiated, firstly because the specimen(s) was apparently mislaid 
(Postlethwaite & Goodchild 1886: 468), and secondly because only the Llanvirn is represented 
there. Most, if not all, of the trilobites from the Skiddaw Slates appear to have originated from 
the gibberulus and hirundo Biozones, well represented in the Kirk Stile Slates. Here there occur 
cyclopygids and members of the Fennian atheloptic fauna (e.g. Ormathops nicholsoni, Illaenopsis 
harrisoni and Selenopeltis), also found in the Pontyfenni Formation in south Wales. It seems 
likely that offshore conditions persisted throughout much of the Arenig in the Lake District, 
and the rich isograptid fauna (Jenkins 1982) of the Kirk Stile Slates, a sure indicator of more 
oceanic conditions, occurs only in the Road Uchaf Formation, Ramsey Island in south Wales. 
The top of the Skiddaw Slate Group (or Eycott Group of Wadge, 1978) is of Llanvirn age, and 
the artus and murchisoni Biozones are present (Jackson 1978). Whether there is a continuous 
Arenig-Llanvirn passage is not yet known. 
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International correlation 


The faunas of the Arenig Series in Wales are dominated by endemic forms, and international 
correlation is correspondingly difficult (Fortey in Whittington et al. 1984). Assuming that the 
position of Wales at the edge of an early Ordovician Gondwanan continent is correct, there are 
virtually no other known faunas occupying a similar palaeogeographical position with which a 
direct comparison is possible. The Welsh Arenig is in this sense unique: most of the comparable 
faunas are known from younger rocks in England or Bohemia; a number of the brachiopods 
are known from ‘island’ faunas, the stratigraphical positions of which are themselves in dispute. 
Almost all the trilobite genera are making their earliest appearance in the Welsh Arenig, but a 
few (e.g. Microparia, Ormathops) are known from even earlier occurrences in the Montagne 
Noire, southern France. Correlation is based on a few more widespread species, and the 
inferences are particularly indirect for the earlier part of the Series. In general, though, it is 
apparent that our complete biostratigraphical sequence shows that the type Arenig is compar- 
able in development with other fully developed sequences of Arenig age in Scandinavia, Spits- 
bergen and the western United States. 


Moridunian 


The base of the Moridunian Stage (not yet formally defined) is also the base of the Arenig 
Series; its international correlation is difficult. The Moridunian of south Wales (Fortey & 
Owens 1978) includes a trilobite fauna with species endemic to Wales, and the occurrence in the 
Carmarthen Formation of Pseudophyllograptus densus, a long-ranging species in Scandinavia, is 
not diagnostic. The faunas from the Henllan Ash in the type area of Arennig Fawr 
(Whittington 1966, Zalasiewicz 1984a) are the same endemic suite as the Moridunian of south 
Wales, and the graptolites recorded by Zalasiewicz (1984a, b) are not stratigraphically 
unequivocal. Correlation of the early Moridunian in north Wales with the deflexus Biozone of 
the Lake District is based on the presence at Arennig Fawr of a didymograptid of deflexus type 
(Zalasiewicz 1984a), a typical morphology for that horizon in the Lake District (Jackson 1962), 
but since on a world scale graptolites of the same general type have a long range through the 
Arenig (Cooper & Fortey 1982) this is not entirely satisfactory. The earliest described Arenig 
graptolite fauna from the Lake District (Jackson 1979, who states it is ‘slightly older than the 
deflexus Biozone) may correlate with the T. approximatus Biozone of Scandinavia, because 
Jackson (1979: 29) records a distinctive species otherwise only known from that horizon in 
Scandinavia. Rushton (1985b) has recently described a late Lancefieldian graptolite from below, 
and in stratigraphical continuity with, Jackson's fauna, and so the evidence for a complete 
Tremadoc to early Arenig sequence in the Lake District appears to be increasing, notwith- 
standing that earlier reports of T. approximatus itself from the Lake District are unconfirmed or 
erroneous (Stone & Rushton 1983). In Sweden, T. approximatus occurs within the phyllograp- 
toides Biozone, low in the Hunneberg Series (Tórnquist 1904: 6); the base of the Moridunian 
may, therefore, eventually prove to equate with the base of the Hunnebergian if the former is 
defined within the Lake District sequence. 

It is usually stated that equivalents of the T. approximatus Biozone are missing from Wales 
(Skevington 1969). The T. approximatus fauna is widespread in the ‘Pacific’ graptolite province, 
and has been suggested as a widely correlatable base for the Arenig Series (Skevington 1963, 
1968). However, the possibility cannot be excluded that equivalents of at least part of the T. 
approximatus Biozone are present in the basal Arenig in Wales; the described graptolites are 
not sufficiently diagnostic to disprove this (Zalasiewicz 1984a). In addition, we note: 


1. Faunas with Merlinia selwynii are underlain in south Wales by the Ogof Hén Formation 
with M. murchisoniae. It is accordingly possible that these basal beds are referable to an earlier 
stratigraphical horizon, and hence possibly as early as the range Biozone of T. approximatus. 


2. Although there was a regression at the end of the Tremadoc, and the Arenig is transgressive 
at its base, there is little physical evidence for a break in the Arennig Fawr area (although 


R. A. FORTEY & R. M. OWENS 


100 


Suiuis-A 72 


snijerijo2eiqipiíel] 'S 


snjeiaaJqqe 


snieuij2291 | 


Snx3jjo11o1 


S9UOZolq 


ə jo}deJ6 
eiwayog 


snjewxosdde¿ 


S1w3041t) 


snxojjop 


.Snoi2ans ^v, 


opuniu jo 


Snjejuapours 


snjejuoapoijjsne 


$nj128juOO "y 


S9UOZO!q 
eyjoide45 
€utu? `A S 


`8iuəiv od} ou jo uore[o1100 [|euonpuiəlul 


= 
o 

O 

x 

enaipiuuo [oy 


€ 
VOIH3NNV N 


ueluIsSsSe 


Ə 


ueeyle A 


snonjeq 


snsuap 


snjyebuoja 


niposusnbue 


Ly 
= 
a 
® 
3 


opunsiy 


Əəuolsəumq1 eyequiy 


N3G3MS 


¿snreunxojdde¿ 


sSnsoo2i)nij 


snpijiqojo4d 


snpijiq 


snidej5os;| 


səuozolq 
Əywijordei15 


ƏSuIAOJ1d SIHIOPd 


II 314 


snxəljəp 


snp 


sniniəqq!6 


opuniu 


səuozolq 
93jo1deJj5 
}OLSIG exe 


1juÁMIos 


suosAqe 


ruolusni 


euobiA^o, 


peugap 194 jou 


(S8I€M `S) 
səuozoiq 


əyqom L 


< 
° 
= 
a. 
= 
=: 
m 
3 
En 
= 
D 
3 
= 
ES 
3 
m 
D 
2 
2 
S 
3 


SIN3dV 


NWHIANVTI 


ARENIG IN SOUTH WALES 101 


elsewhere in north and south Wales it is an unconformity), the boundary between the Trema- 
doc and Arenig being marked only by a thin, sandy seam. 


3. The distribution of the T. approximatus plexus of species with H-shaped rhabdosomes may 
have been related to palaeolatitude and bathymetry. Its known stations are from sites which 
have been described as lying near the palaeoequator or at temperate latitudes in the earlier 
Ordovician: North America (Quebec, Newfoundland, Idaho, Nevada, British Columbia, 
Yukon, etc), Australia, New Zealand, arctic Siberia, eastern China, cordilleran Argentina, 
Scotland and Scandinavia. It is possible that the approximatus group failed to penetrate very 
high latitudes near the Ordovician pole, and particularly more inshore facies, and this might 
explain its absence from the English Lake District, Bohemia, France, and other areas in boreal 
Gondwana. If this is the case its absence may be related to palaeolatitude and water tem- 
perature. 


The higher part of the Moridunian (Biozone of M. rhyakos) presumably correlates approx- 
imately with some or all of the higher part of the Bendigonian Stage of Australia, and possibly 
with the T. fruticosus Biozone of North America (Cooper & Fortey 1982: fig. 2), but detailed 
correlation is impossible without graptolitic evidence. 


Whitlandian 


There is little evidence bearing on the international correlation of the Whitlandian, other than 
its intermediate position between the Moridunian and Fennian. It is broadly the equivalent of 
the D. nitidus Biozone of the Lake District. None of its characteristic trilobite fauna has been 
recorded outside Wales, although it is widespread and in places abundant there. Once again 
this is probably the result of the unique development of biofacies in Wales at this time, because 
some of the characteristic forms (Ogyginus, Cnemidopyge, Cyclopyge) are more widespread in 
the Llanvirn or later. Nor do the small numbers of graptolites so far recovered help much, 
because Azygograptus hicksii is unknown outside Wales, Tetragraptus serra has a long range, 
and D. (Expansograptus) goldschmidti, sensu Kraft is otherwise only known from the Klabava 
Formation of Bohemia. Based on the faunas below and above, we may suggest a general 
correlation with the Chewtonian (and probably early Castlemanian Cal) of the Australian 
sequence, and the D. ‘protobifidus’ and D. bifidus Biozones of North America, (?all) Billingenian 
of Sweden, and ‘Middle Arenig’ in the usage of Cooper & Fortey (1982: 168). 


Fennian 


The correlation of the later Arenig is somewhat easier than in the case of the Moridunian or 
Whitlandian because of the occurrence of more widespread, and stratigraphically reliable, 
graptolite species; it includes the equivalents of the I. gibberulus and D. hirundo Biozones. 
Isograptid species from Wales (Jenkins 1982) are all from Fennian localities; based on the work 
of Cooper (1973), these isograptids are the basis of correlation with the upper Castlemainian 
(Ca3) to Yapeenian of the Australian sequence, the /sograptus Biozone of North America 
(Berry 1960), and the ‘upper Arenig' of the Pacific Province in general (Cooper & Fortey 1982: 
168). Other graptolites confirm this. For example, Pseudotrigonograptus (quadriserial) has been 
recovered from the Pontyfenni Formation, and is known in many localities (Australia, New 
Zealand, U.S.A., Spitsbergen, Tamir, SE China) from Castlemainian (Ca2-3) and Yapeenian. So 
the general correlation of the Fennian is not in doubt. What is more difficult is the precise 
correlation of its limits, and of the biozones within it. Because the D. levigena and B. rushtoni 
trilobite biozones equate with all of the hirundo and at least part of the gibberulus graptolite 
biozones (see above), it is assumed that the early Fennian is the equivalent of the earliest part of 
the /sograptus Biozone with I. victoriae victoriae (Ca2 of the Australian sequence), and that the 
boundary between the Whitlandian and Fennian approximates to that between the informally- 
named ‘Middle’ and ‘Upper’ Arenig of the Pacific graptolite province (Cooper & Fortey 1982). 
This provisional conclusion may have to be modified when more graptolites are discovered. 
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The appearance of Llanvirn pendent didymograptids stratigraphically shortly after the 
appearance of true (diplograptid) biserials in the latest Arenig appears to be a widespread 
phenomenon; it happens in Scandinavia (Skevington 1965) and SE China (Mu et al. 1979), and 
so far as can be judged from the other graptolite species the appearance of these pendent 
didymograptids is coeval. 


Bohemia 


Bouček (1973), and, in several papers, Kraft (1971, 1972, 1973, 1974) have discussed the grapto- 
lites and correlation of the Arenig of Bohemia. The Klabava Formation there is divided into 
several biozones; the oldest of these, the v-similis Biozone, was correlated by Boucek with the 
balticus Biozone of Scandinavia and the deflexus Biozone of the Lake District. The grounds for 
this are obscure, other than the occurrence of numerous deflexed graptolites at this horizon. 
The species listed by Boucek (1973: 138) are D. (Corymbograptus) v-similis, D. (C.) uniformis and 
D. (Expansograptus) densus. Of these, the first and last named are so far endemic to Bohemia; 
D. uniformis is known otherwise from the Lake District, from the D. nitidus or I. gibberulus 
Biozones. We have identified D. goldschmidti, sensu Kraft 1977, from the Whitlandian and 
earliest Fennian in south Wales. What evidence there is from specific comparisons tends to 
suggest that the early part of the Klabava Formation is mid- to early late Arenig in our usage. 
The trilobites from the middle to upper part of the Klabava Formation (‘Euloma Shales’) 
include Microparia broeggeri and an Illaenopsis, which compare with the fauna from the 
Pontyfenni Formation in south Wales of late Arenig age. Boucek's youngest graptolite biozone 
(T. reclinatus abbreviatus Biozone) includes further endemic graptolites, but also ‘Phyllograptus’ 
(presumably Pseudophyllograptus) angustifolius, Azygograptus suecicus, and Tetragraptus pseu- 
dobigsbyi, all of late Arenig age elsewhere. Boucek also mentions an unchanging dendroid 
fauna running throughout the Bohemian succession. It seems to us probable that the Arenig 
succession in Bohemia is incomplete. 


Synoptic history of the Arenig in south Wales 


The regression at the end of the Tremadoc brought shallow-water Neseuretus facies across the 
entire south Welsh region. Whether or not there was an unconformity on the Tremadoc 
beneath is not yet certain, but it is certain that a previously accepted view of uplift during 
Tremadoc times is incorrect, because rich Tremadoc faunas are present in the Llangynog area 
(Owens et al. 1982), and these are of a more oceanic character than those of Shropshire. The 
Tremadoc history further to the west will depend on a reassessment of the age of the so-called 
‘Lingula Flags’ there. The subsequent transgression during the Moridunian was gradual, 
recorded in two upward-deepening successions at Carmarthen and St David's, in which flaser- 
bedded silts and sands with numerous trace fossils grade upwards into mudstones (Bates 1969, 
Fortey & Owens 1978). Locally, as at Llangynog, Precambrian rhyolitic islands were onlapped 
during the transgressive phase, and the fringing seas afforded suitable habitats for bivalves and 
echinoderms (Paul & Cope 1982) as weil as more widespread trilobites and brachiopods. Basal 
beds in these areas may include coarse rhyolite-pebble conglomerates. The transgression pro- 
ceeded from west to east, because it is probable that the earliest part of the Moridunian is 
absent in Shropshire. The shallow-water and presumably diachronous Neseuretus facies was 
succeeded by the raphiophorid biofacies (Fortey & Owens 1978) representing soft, muddy sea 
floor conditions which supported great numbers of Merlinia selwynii, rarer Ampyx cetsarum, 
and infaunal bivalves, but little else. Rocks deposited in this environment were thick and 
widespread around Carmarthen, but their westward equivalents are probably much thinner 
shales. Open ocean connections were sufficient for the appearance of a few graptolites 
(Pseudophyllograptus) at this time at one horizon, but a fully oceanic suite of species is not yet 
known. 

In the later Moridunian a positive fault-bounded block (or blocks) was becoming established 
in the Haverfordwest area. This may have contributed to turbidites in the Carmarthen area. 
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The effect of this seaward barrier combined with the continuing transgression was to produce a 
stagnant basin with restricted oceanic circulation in the Carmarthen region. The low bottom- 
water oxygenation was well suited to the olenid trilobites (olenid biofacies), which gradually 
become the dominant element of the faunas in the upper part of the Carmarthen Formation 
(Cwmffrwd and Cwm yr Abbey Members). The westward equivalents of these deposits are not 
certainly identified. It is clear that the area of thick sediment fill lay to the east, and this may 
have been associated with an extensional basin. 

The early Whitlandian is a dominantly clastic facies with fine silts, and volcaniclastic rocks 
including fragments much like the Treffgarne volcanics, forming a distinctive lithofacies extend- 
ing from Abercastle on the coast to an area north of Haverfordwest. Similar rocks in the 
Whitland district contain clasts of Precambrian rhyolites and quartz. 'Island' faunas were 
extensively developed, with a rich fauna of articulate and inarticulate brachiopods, together 
with cystoids in the shallower sites, often now found as allochthonous material in mass flow 
deposits and turbidites which comprise the thick sequence of the Blaencediw Formation north 
of Whitland. The early Whitlandian marks the end of the restricted olenid basin in the east, 
with the complete disappearance of the characteristic trilobite family within a few metres of the 
base. During the Whitlandian, conditions suitable for flourishing 'gardens' of dendroid grapto- 
lites were widespread: they appear within the well-laminated siltstones separating allochthon- 
ous brachiopod-rich beds in the Haverfordwest area, at Blaeweneirch near Whitland, and at St 
David's; the last two localities furnished many of the specimens monographed by Bulman 
(1927-34). The eastward equivalents of the Blaencediw Formation are to be found in the Afon 
Ffinnant Formation—a thick sequence of turbidites and interbedded shales. Again, the main 
sediment fill appears to have been in the Carmarthen-Whitland area rather than to the west, 
where evidence of turbidites is confined to fine distal turbiditic horizons usually on the scale of 
a few mm, forming light-coloured stripes within the Penmaen Dewi Formation. The character- 
istic trilobite fauna with Ogyginus, Bohemopyge, Shumardia gadwensis, Furcalithus sedgwicki 
and Gymnostomix gibbsii spreads across all south Wales during the Whitlandian, but is 
nowhere abundant. Cyclopygids, especially Cyclopyge grandis grandis, appear in numbers for 
the first time in the south Welsh Arenig, and graptoloids, Azygograptus, Expansograptus and 
Tetragraptus, are locally numerous—the first suggestion of a more ‘oceanic’ character in the 
faunas. 

The late Arenig, Fennian Stage, begins with a local turbiditic interval in the Whitland area 
(Cwmfelin Boeth Formation), which yields the youngest of the three faunas of articulate brach- 
iopods (here allochthonous) in south Wales. Its equivalents to east and west have not been 
identified. But the succeeding Pontyfenni Formation represents the most uniform, and most 
oceanic, conditions over the whole area. Dark mudstones with siliceous nodules are character- 
istic, and this lithofacies with its accompanying fauna outcrops from east of Carmarthen to the 
extreme west of the area on Ramsey Island. The trilobite fauna is distinctive, a combination of 
large-eyed pelagic species dominated by the Cyclopygidae, with blind, or nearly blind, benthic 
forms which we have termed (p. 106) the atheloptic assemblage. We believe that this formation 
accumulated beneath a water depth of at least 200m and probably more. Its oceanic character 
is indicated also by the occurrence of cosmopolitan graptolites of the genera Pseudotrigono- 
graptus and Isograptus (Jenkins 1982) which do not penetrate into shallower shelf seas (Fortey 
1984). The trilobite fauna is rich in species but sparse in numbers of individuals, although some 
compensation for this is the high proportion of articulated specimens, often moulted arrange- 
ments of parts, which attests to the quiet sea-floor conditions that pertained during the 
Fennian. Trilobites are accompanied by a varied fauna of carpoid chordates, including the 
genera Cothurnocystis, Balanocystites, Anatifopsis, Guichenocarpos, Reticulocarpos and Lagy- 
nocystis (see R. P. S. Jefferies herein, p. 285), many hyolithids, and rare, soft-bodied coel- 
enterates. This peculiar facies has its earlier counterpart in the lower Arenig of the Montagne 
Noire, and appears in the Llanvirn of Bohemia and Shropshire, then (Fortey 1984) attaining a 
wider spread later in the Ordovician with the Llandeilo-Caradoc transgression. The Pontyfenni 
Formation is its only known occurrence in the late Arenig. Several of its characteristic species 
have been found also in the Lake District. 
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Upward passage into the Llanfallteg Formation is marked by a lithological change to 
grey-coloured, very soft and fissile shales, and with this change the atheloptic trilobite 
assemblage disappears, although the Cyclopygidae do not. We attribute the faunal change to a 
worldwide regression at the end of the Arenig, which reduced sea level enough to permit the 
establishment of a trilobite fauna including species with normally-developed eyes, of which 
Barrandia is the most numerous. There is no change in lithology, and no drastic faunal change, 
across the Arenig-Llanvirn boundary, which is best exposed along the Llanfallteg railway 
cutting. Pendent didymograptids do appear suddenly, however, and this is the criterion for 
recognition of the boundary, together with the first appearances of a few trilobite species. The 
Llanfallteg Formation is also widely developed, from east of Carmarthen to Aber Mawr on 
Ramsey Island. As usual, it is thinner to the west. Volcanic activity was prevalent in the early 
Llanvirn, as at Fishguard, and volcanogenic sediments may partly account for the lithological 
change near the Arenig-Llanvirn boundary. Shortly above our studied sections there are 
numerous tuffaceous 'chinastone' horizons. The ensuing Llanvirn transgression is accompanied 
by a reversion to deep-water sedimentation, with black shales, mudstones and turbidites which 
once more comprise the dominant lithology from Carmarthen to the coast. 

In summary, the Arenig Series in south Wales records an upward-deepening and then ulti- 
mately regressive sequence much complicated by local uplift and turbidite emplacement. It 
includes the best-developed deeper water fauna on the edge of the Gondwanan continent at this 
time, in a marginal but ensialic basin. Sedimentation is particularly thick and complete in the 
Carmarthen-Whitland area, thinner near the coast. Although the east-west transect is now 
described, little is known about what happens to the north, where the stratigraphy of the 
Sealyham Group and the shales of the Maenclochog area have yet to provide the fossils crucial 
to unravelling the stratigraphy. 


The cyclopygid biofacies and atheloptic trilobite assemblage 


The Arenig of south Wales includes the earliest known development of the cyclopygid biofacies. 
The Cyclopygidae were a group of trilobites with hypertrophied eyes, wide axial development, 
and other morphological features consistent with a pelagic mode of life (Fortey 1974, 1985b). 
They were not, however, epipelagic like their homoeomorphs Carolinites and Opipeuter, both of 
which penetrated into inshore sediments in the earlier Ordovician around the palaeoequator. 
Cyclopygids are rare or absent in inshore facies, for example, the Neseuretus biofacies in the 
early Ordovician (Fortey & Morris 1982). This is shown by their rarity in the Mytton Flags in 
Shropshire compared with the contemporary rocks in south Wales. Diverse and numerous 
cyclopygids are associated with peripheral continental sites with free access to the open ocean. 
For the Arenig around Ordovician Gondwana the appropriate sites are really only described 
on its eastern margin in south and north Wales and the Lake District. There is also some 
evidence of a like development on the opposite side of Tórnquist's Ocean (Tjernvik 1956, Cocks 
& Fortey 1982) where the cyclopygid biofacies is developed on Bornholm, and encountered in 
boreholes off the southern edge of the Scandinavian platform; it may be present this early at 
the eastern edge of Kazakhstania (Apollonov 1975). By the Llanvirn there was a general 
shoreward onstep of exterior biofacies accompanying the Llanvirn transgression, and this 
introduced the cyclopygid biofacies into Bohemia (Sárka Formation) Thuringia (Richter & 
Richter 1954), Bulgaria (Spassow 1958) and the Hope Shales, Shropshire (Whittard 19614). 

The cyclopygids were probably mesopelagic (Fortey 19855; see also p. 180), occupying the 
depth zone of about 200-700 m and living about the upper part of the continental slope and 
within deep marginal basins with free access to the open ocean. They constituted a natural 
community, but one which was unrelated to the sea bottom conditions where the sediments in 
which they are found were accumulating. They can be found with more than one assemblage of 
benthic genera; this is shown in south Wales by the different associations with which they are 
found in the Pontyfenni Formation (with blind or small-eyed species) and in the Llanfallteg 
Formation (with normal-eyed trilobites including Barrandia and Ectillaenus). For this reason it 
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is difficult to apply the term 'community' to the total assemblage, including the cyclopygids, as 
it is recovered in the field. We refer to the faunal associations in which cyclopygids are a 
dominant element by the broad term 'cyclopygid biofacies’, recognizing that this includes a 
blend of the pelagic with the benthic elements, and as such is a superimposition of more than 
one community in the strict sense. It is important to emphasize that the recognition of the 
cyclopygid biofacies depends on the family being an important fraction of the total trilobite 
fauna—30% or more, as in the Pontyfenni Formation. The recovery of a single specimen in a 
large non-cyclopygid fauna does no more than suggest that it may be worthwhile searching for 
the cyclopygid biofacies in adjacent areas. 

As well as the cyclopygids, the pelagic fauna certainly included the peculiar trilobite 
Bohemilla—a genus also making its first known appearance with the cyclopygid biofacies in 
south Wales—and the enigmatic Girvanopyge (— Cremastoglottos). The odontopleurid Seleno- 
peltis is more difficult to interpret. It is found with the cyclopygid biofacies, but also extends 
(Bruton & Henry 1978) into areas in France and Spain where cyclopygids are rare or unknown. 
Nowhere is it common. It has large eyes, but otherwise its morphology is unlike that of a 
typical pelagic trilobite, being relatively broad and with a narrow axis. Its wide tolerance of 
facies changes might suggest that it alone was epipelagic or epiplanktonic, the alternative being 
that it was nektobenthic with a wide range of tolerance. It is interesting that Whittington & 
Hughes (1972) used Selenopeltis as an ‘index fossil’ of the high latitude Selenopeltis province, 
and if the animal indeed had epipelagic habits one would expect it to be a good indicator of 
temperature (and hence broadly latitudinal) constraints. 

There is an interesting association, particularly in the Fennian, of the mesopelagic trilobite 
fauna with a benthic fauna of blind or nearly blind trilobites. These include Ormathops nichol- 
soni, Illaenopsis harrisoni, Dindymene saron, Colpocoryphe taylorum, Ampyx linleyoides and 
Bergamia rushtoni. This is evidently different from what Fortey & Owens (1978) termed the ` 
raphiophorid community, in which normal-eyed asaphids predominate, and which replaces the 
Neseuretus fauna in deepening-upward sequences. Equally it is distinct from the olenid 
biofacies—not one olenid has been found above the Whitlandian. If the olenid biofacies is a 
response to low oxygen tension (and relatively deep water) to which the olenids were specifi- 
cally adapted, then this other benthic association 1s different. In support of normal oxygenation 
is the fact that the small-eyed fauna is associated with other benthic organisms—bivalves, 
carpoid chordates and hyolithids—none of which occurs in the Carmarthen Formation with 
the olenids. The associated lithologies are dark mudstones with siliceous nodules, and a similar 
lithology is also associated with Llanvirn occurrences of the cyclopygid biofacies. More than 
half the trilobites recovered are more or less articulated, often in moult arrangements, which 
testifies to relatively quiet bottom conditions. Certain beds show much evidence of burrowing 
by soft-bodied animals, and we presume that the sea bottom was an unconsolidated mud. We 
term this distinctive type of benthic trilobite association the atheloptic (Gr. ‘shrunken-eyed’) 
assemblage. It probably represents a genuine community, but without further documentation of 
its occurrence elsewhere we prefer the noncommital term ‘assemblage’ for the moment. 

The depth at which the atheloptic assemblage lived can be estimated from two lines of 
reasoning. First, the geological occurrence is in an exterior site, well removed geographically 
from the shelf faunas of the Mytton Flags. Within the column it lies far above the transgressive 
base of the Arenig, and includes no elements of the Neseuretus community and none of the 
asaphids abundant in what we (Fortey & Owens 1978) termed the raphiophorid community; 
the only genus in common is Ampyx, a large genus containing groups of species that may be 
only distantly related (A. linleyoides from the Fennian is not closely related to A. cetsarum from 
the Moridunian). If the Arenig represents a deepening-upwards sequence in south Wales, as we 
propose, then the atheloptic assemblage lies at the deepest end of the gradient. 

The second approach derives from the morphology of the trilobites themselves by compari- 
son with modern analogues. Clarkson (1967) pointed out that crustaceans which are blind or 
with atrophied visual organs tend to be commoner below about 600 m water depth. In oceanic 
waters sunlight can penetrate at very low intensities to 600—650 m (Boxshall 1981: 152), but in 
more turbid epicontinental seas to less than half this depth. Since the cyclopygids may have 
occupied the depth zone of 200 m and below, it seems reasonable to infer a depth of 300m or 
more for the atheloptic assemblage. 


Fig. 13 Atheloptic assemblage of blind, or nearly blind, benthic trilobites (a-f), together with 
free-swimming, large-eyed mesopelagic forms (g-i). a, Illaenopsis; b, Shumardia; c, Bergamia; d, 
Colpocoryphe taylorum; e, Ormathops nicholsoni; f, Ampyx; g, Pricyclopyge; h, Bohemilla (Fenniops); 
1, Degamella. 


The regression near the Arenig-Llanvirn boundary presumably reduced the water depth 
sufficiently for normal-eyed trilobites to thrive during the deposition of the Llanfallteg Forma- 
tion. Since the cyclopygids are also numerous there the depth could not have been less than 
about 200 m. The change during the regression need not have been very great if the atheloptic 
assemblage lived just below, and the normal-eyed assemblage just above, the critical depth of 
light penetration. Because they were inhabitants of the water column well below the surface and 
somewhat insulated from the constraints of surface temperature conditions, the cyclopygids are 
not confined to the Gondwanan plate in the early Ordovician, as are the shallow shelf genera 
such as Neseuretus. They were capable of living in the appropriate sites at former temperate 
latitudes around Baltica and Kazakhstania, as indicated above. They did not penetrate into 
tropical latitudes at that time, however. One of us (RAF) has made an intensive search in the 
appropriate lithology in the Cow Head Group of western Newfoundland, which accumulated 
off the shelf of the North American continent during the early Ordovician. No fossils of 
cyclopygids were discovered. The oldest occurrences in North America are Middle Ordovician: 
the earliest of these is probably from the Normanskill Shale (Niobe? huberi Roy, 1929 is likely 
to be a Degamella sp.), while typical cyclopygid biofacies are known from the Ashgill of Quebec 
(Cooper & Kindle 1936) and the Whitehouse Formation in the Girvan district of Scotland. The 
early history of the group is associated with higher latitudes in the early Ordovician, and with a 
distribution mutually exclusive from that of the tropical pelagic genera Carolinites and Opi- 
peuter. 

The oldest known cyclopygid is Prospectatrix Fortey 1981, from the British Tremadoc, but it 
is a rare fossil, and its occurrence there is not equivalent to the cyclopygid biofacies of the later 
Ordovician. Cyclopygids are also known from the latest Tremadoc-earliest Arenig of the 
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Montagne Noire, southern France (Thoral 1935), and it is perhaps here that the earliest 
cyclopygid biofacies may be sought. The presence in the Montagne Noire of Illaenopsis—a 
characteristic trilobite of the atheloptic assemblage—and of the same genera of carpoid chord- 
ates as those from the Pontyfenni Formation indicates that the combination benthic and 
pelagic faunas typical of the cyclopygid biofacies may have been established before the end of 
the Tremadoc. 

Raymond (1925), Weir (1959) and Kobayashi & Hamada (1971) emphasized supposed migra- 
tions of cyclopygids, basing their evidence on stratigraphical and geographical distributional 
data. We prefer to regard distribution as the result of the discovery of the appropriate biofacies, 
with the distribution of the trilobites themselves being effectively simultaneous within the 
biofacies belt. This is shown, for example, by the similarity or identity of species of the family 
from China (Zhou 1977), Kazakhstan (Koroleva 1982) and Bohemia (Marek 1961), almost at 
the extremes of its geographical range, and we suspect that critical revision will show that 
individual species may be dispersed far more widely than the present taxonomy allows. Dis- 
covery of the cyclopygid biofacies depends on the preservation of the appropriate former 
geographical site. In many areas the appropriate exterior site is simply not preserved: for 
example, there are relatively few places where sufficiently exterior Arenig sites have survived the 
effects of tectonism, and south Wales is one of the few. Transgressive periods introduced the 
cyclopygid biofacies onto peripheral shelf regions where it had a higher chance of preservation, 
as during the Llanvirn and in the later Ordovician (Fortey 1984). 


Palaeogeographic affinities of the Arenig faunas 


The position of Wales on the western edge of an early Ordovician Gondwana has been claimed 
on evidence derived both from faunas (e.g. Cocks & Fortey 1982) and from multidisciplinary 
studies (such as Ziegler et al. 1979). The Arenig faunas of south Wales confirm this from several 
aspects. 


1. Inshore faunas with the trilobite Neseuretus are only found at the regressive intervals, e.g. in 
south Wales at the base of the Arenig, but the Neseuretus biofacies is found through most of 
the sequence in Shropshire, indicating its persistence in shallower clastic facies there. This fauna 
is to be regarded as one of the more reliable indicators of the former extent of Gondwana 
(Fortey & Morris 1982) and may be found over a wide area of Armorica, Iberia, northern 
Africa, South America, eastern Newfoundland, the Middle East, the Himalaya and ultimately 
Yunnan and other parts of China. Individual species of Neseuretus probably range widely over 
this area. Most of the records, however, are from Llanvirn or Llandeilo rocks. Wales is the one 
site peripheral enough to retain a record of this fauna in the earlier part of the Arenig. 
Wherever the appropriate transgressive facies occurs—in the Fennian of Anglesey, for 
example—so too does Neseuretus, accompanied by a restricted fauna of brachiopods. In south 
Wales the appropriate conditions are found at the base of the Arenig sequence (Fortey & 
Owens 1978) and do not reappear, for the only subsequent record we have of Neseuretus is as a 
rare occurrence in a siltstone of Whitlandian age. 


2. The majority of our trilobite genera, even those occurring in more exterior biofacies, are also 
confined to Gondwanan occurrences, mostly in younger rocks elsewhere in the appropriate 
palaeoecological settings. The exception is the olenid biofacies, which includes genera of world- 
wide distribution and independent of ‘provincial’ or palaeogeographic boundaries 
(Hypermecaspis, Bienvillia, Porterfieldia). The olenid biofacies was peculiarly adapted to low- 
oxygen sea floor conditions, and can be found wherever the right conditions pertained. For the 
rest of the fauna, apart from the endemic trinucleids (which are largely confined to Britain), we 
list the following genera which are restricted to other Gondwanan occurrences: Corrugat- 
agnostus, Illaenopsis, Barrandia, Ectillaenus, Ormathops, Colpocoryphe, Dindymene, Merlinia, 
Ogyginus, Selenopeltis, Placoparia, Bohemilla, Girvanopyge and Bohemopyge. The Cyclo- 
pygidae, including another ten genera, were also confined to peripheral Gondwana sites and 
along the poleward edge of Baltica until late in the Ordovician, when they appeared en masse in 
peripheral sites at the edge of the former North American continent. 
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3. We noted before (Fortey & Owens 1978: 45) that the deeper water facies also included 
genera which could be found in exterior facies at the edge of other palaeocontinents—in this 
case outside Gondwana. This is in contrast to the platform Gondwana faunas, such as those 
described recently by Henry (1980) and Hammann (1983), which consist entirely of Gondwanan 
endemic genera. Excluding the specialized olenid biofacies this list includes the following genera 
from the Arenig of south Wales: Leiagnostus, Arthrorhachis, Segmentagnostus, Cnemidopyge, 
Shumardia, Leioshumardia, Asaphellus, Dionide, Ampyx, Seleneceme. Of these Ampyx, Shumardia 
and Arthrorhachis are cosmopolitan. Dionide, Seleneceme and Leioshumardia are so far recorded 
from peripheral sites at the edge of Ordovician North America. The first-named is known from 
numerous stations in Britain, Bohemia, Armorica etc., while Leioshumardia has only previously 
been described from western Newfoundland (Whittington 1965). Leiagnostus and Cnemidopyge 
are known otherwise from Baltica. The fact that close comparisons can be made between 
species in marginal facies on different continents already by the Arenig—the time usually 
accepted as one of maximum ‘provinciality—demonstrates the possibility of faunal interchange 
between exterior facies in advance of major provincial merging. 


4. Graptoloids include a number of forms that are confined to peri-Gondwanan graptolitic 
facies. Azygograptus in the Arenig is one such. It appears as the first graptolite in upward- 
deepening successions and may have been adapted to epiplanktonic life in less ‘oceanic’ sites. 
Other Gondwanan forms are: Didymograptus (Expansograptus) uniformis lepidus, D. (E.) sparsus, 
D. hirundo s.s. and Acrograptus acutidens, and probably the Llanvirn pendents. But other 
graptolites, like some of the exterior facies trilobites, appear to have been independent of 
palaeogeography. These belong to what Fortey (1984) termed the ‘isograptid biofacies’, a more 
exterior suite of species regarded as living at greater depth in the water column. Examples listed 
from south Wales include Pseudotrigonograptus ensiformis, ‘Glyptograptus’ austrodentatus, ‘G; 
dentatus, Glossograptus acanthus, Tetragraptus serra, T. bigsbyi and Pseudisograptus spp. These 
bridge the so-called ‘Atlantic’ and ‘Pacific’ graptolite provinces, and are correspondingly impor- 
tant for correlation purposes. They can be regarded either as precocious invaders signalling the 
broadly uniform worldwide graptolite faunas of the Caradoc, or as members of a continuously 
more uniform oceanic graptolite fauna, a view which we favour from the palaeogeographic and 
facies evidence. 


The four lines of evidence are consistent with the inferred position for Wales during the Arenig. 
Most of the trilobite genera we have found in south Wales only became widespread over 
Gondwana in the Llanvirn or tater, as the Llanvirn transgression moved shelfwards. A few 
genera (Asaphellus, Prospectatrix) had persisted from the Tremadoc. There were no genera in 
common with the cratonic, low latitude faunas of North America or Australia, and very few in 
common with Baltica, which we regard as having been at temperate latitudes. All the evidence 
we have is consistent with the view that Britain must have lain at high latitudes in the earlier 
Ordovician, while the facies distribution proves the marginal position of south Wales relative to 
that huge area of Gondwana over which Grés Armoricain clastic facies were accumulating. 


Fossil localities 


The localities referred to in the text, and on the maps (Figs 1, 2, 4-6) are listed below, and 
follow on from the list of Fortey & Owens (1978: 240) which gives details of localities 1-15 and 
16A-G. Apart from locality 16, they are arranged geographically from east to west; old Geo- 
logical Survey localities from which we did not collect are quoted in the text under their 
original survey designations. 


16. Cwm yr Abbey (Afon Ffinnant Formation): 16H 50 m at 355? from the road bridge (SN 5002 1983); 
16J 60m at 355° from the road bridge (SN 5002 1985); 16K 85 m at 356° from the road bridge (SN 
5002 1986); 16L 90 m at 337° from the road bridge (tributary to main stream) (SN 4449 1986). 

17. Allt Cwm-arbont (Afon Ffinnant Formation): 17A 85 m at 108° from Arbont Cottage (SN 5251 1883); 
17B 55 m at 73^ from Arbont Cottage (SN 5238 1891). 
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. Afon Ffinnant (Afon Ffinnant Formation): 18A 700 m at 174^ from Pont ar Ffinnant (SN 5099 1942); 


18B 642 m at 170° from Pont ar Ffinnant (SN 5100 1949); 18C 410 m at 156° from Pont ar Ffinnant 
(SN 5106 1973); 18D 160m at 124 from Pont ar Ffinnant (SN 5103 2003); 18E 150m at 124° from 
Pont ar Ffinnant (SN 5102 2003); 18F 50 m at 136^ from Pont ar Ffinnant (SN 5093 2007). 


. Exposure on south side of B4300, 140m west of Pont ar Ffinnant (SN 5078 2006) (Afon Ffinnant 


Formation) 


. Stream section at Capel-Dewi (Afon Ffinnant? (20F) and Pontyfenni formations (20 A-E)): 20A 137m 


at 181° from road bridge (SN 4705 2120); 20B 176 m at 186° from road bridge (SN 4703 2017); 20C 
178 m at 186° from road bridge (SN 4703 2017); 20D 188 m at 187° from road bridge (SN 4702 2016); 
20E 195 m at 189° from road bridge (SN 4701 2015); 20F 205 m at 190° from road bridge (SN 4701 
2014). 


. Road cutting north side of A40, 100m at 148° from Castell-y-waun, 0-6km SW of Bancyfelin (SN 


3191 1756) (Pontyfenni Formation). 


. Stream exposure 447 m at 133^ from Sabulon (SN 2490 1628) (Pontyfenni Formation, ?B. rushtoni 


Biozone). 


. Old quarry at Pontyfenni, on north side of old A40 (SN 2379 1690 to SN 2381 1693) (Pontyfenni 


Formation, B. rushtoni Biozone). 


. Old quarry 117m at 112° from Llwyn-crwn (SN 2399 1795) (Pontyfenni Formation, B. rushtoni 


Biozone). 


. Stream exposure 190 m at 256^ from Pant-y-grug (SN 2253 1842) (Pontyfenni Formation, B. rushtoni 


Biozone). 


. Temporary exposure in farmyard at Regwm (SN 2166 1767) (Pontyfenni Formation, S. abyfrons 


Biozone). 


. Old quarry 100 m west of Whitland Abbey (SN 2070 1817) (Colomendy Formation, Whitland Abbey 


Member, G. gibbsii Biozone). 


. Stream-bed in Allt y Clyn, 800 m at 327° from Whitland Abbey (SN 2040 1883) (Colomendy Forma- 


tion, Whitland Abbey Member, G. gibbsii Biozone). 


. Stream-bed, Nant Colomendy, 350 m at 214° from Pant-gwyn (SN 2074 1949) (Pontyfenni Formation, 


?B. rushtoni Biozone). 


. Trackside quarry 190 m at 256° from Blaencediw (SN 2056 2050) (Blaencediw Formation). 
. Old quarry 330 m at 288? from Blaencediw (SN 2043 2065) (Blaencediw Formation). 
. Exposures on west side of lane NE of Gellidiogyn (Pontyfenni Formation): 32A 140m at 49° from 


Gellidiogyn (SN 2010 2119); 32B 160 m at 39° from Gellidiogyn (SN 2010 2123). 


. East side of valley, 370m at 41° from Gellidiogyn (SN 2023 2138) (Colomendy Formation, Castell- 


draenog Member). 


. Exposures at Castelldraenog: 34A west side of farmyard, 70 m at 234^ from Castelldraenog (SN 2080 


2143) (Colomendy Formation, Whitland Abbey Member); 34B west side of track, 150m at 3° from 
Castelldraenog (SN 2084 2160) (?Pontyfenni Formation). 


. Old quarry on west side of valley at Cwmfelin Boeth (SN 1908 1924) (Cwmfelin Boeth Formation). 
. Stream exposure 150 m at 140^ from Bryngwelltyn, Cwmfelin Boeth (SN 1940 1940) (Cwmfelin Boeth 


Formation). 


. Stream exposure 100m at 136^ from Bryngwelltyn, Cwmfelin Boeth (SN 1937 1945) (Pontyfenni 


Formation, S. abyfrons Biozone). 


. Roadside section at Pen-y-parc (SN 1981 1951 to SN 1988 1954) (Pontyfenni Formation, S. abyfrons 


Biozone). 


. Old quarry on hillside 420 m at 89° from Felin-Henllan-Amgoed (SN 1931 1972) (Blaencediw 


Formation). 


. Exposure at Pant, 690 m at 152° from Blaen-lliwe (SN 1892 1779) (Pontyfenni Formation). 

. Lane cutting by old quarry 520 m at 154^ from Blaen-lliwe (SN 1884 1795) (Pontyfenni Formation). 

. Exposure in hedge bank 190 m at 108° from Blaen-lliwe (SN 1879 1834) (Pontyfenni Formation). 

. Old quarry on hillside 430 m at 236^ from chapel at Cwmfelin Boeth (SN 1887 1882) (Cwmfelin Boeth 


Formation). 


. Stream bed exposure immediately south of bridge at Rhyd-caer-Emlyn, Henllan Amgoed (SN 1847 


2015) (Pontyfenni Formation). 


. Old quarry on east side of valley, 130m at 166^ from Felin-Henllan-Amgoed (SN 1892 2058) 


(Colomendy Formation, Rhyd Henllan Member). 


. Exposures in lane leading to Felin-Henllan-Amgoed (Colomendy Formation, Rhyd Henllan 


Member): 46A 50m at 238° from Felin-Henllan-Amgoed (SN 1884 2066); 46B 90m at 288° from 
Felin-Henllan-Amgoed (SN 1880 2072). 
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47. Laneside exposures north of Liwyn-derw (Colomendy Formation, Rhyd Henllan Member): 47A 40m 
at 55° from Llwyn-derw (SN 1888 2084); 47B 90 m at 38^ from Llwyn-derw (SN 1890 2088). 

48. Laneside exposures immediately west of Sarn-las (Pontyfenni Formation): 48A 100m at 302° from 
Sarn-lás (SN 1735 1878); 48B 70 m at 248° from Sarn-las (SN 1738 1871). 

49. Temporary exposure at Hendref, Henllan Amgoed (SN 1772 2042) (Pontyfenni Formation). 

50. Exposure at Cefn-maen-llWyd, Rhyd-y-wrách (SN 1679 1976) (Llanfallteg Formation, D. artus 
Biozone). 

51. Old roadside quarry 200 m at 212° from Cwmmiles (SN 1608 2224) (Pontyfenni Formation). 

52. Old railway cutting north of Llanfallteg (Pontyfenni (52Z) and Llanfallteg (52, D. artus Biozone, 
52A-Y, D. levigena Biozone) formations): 52 small quarry at south end of cutting (SN 1571 2013): 
basal 3 m of Llanvirn. 52A-S east side of track, south of core of anticline (SN 1571 2014 to SN 1575 
2019), stratigraphically below the base of the Llanvirn as follows: 52A, 0-1-5m; 52B, 1:5-3m; 52C, 
3-4 m; 52D, 5 m; 52E, 6m; S2F, 7-9 m; 52G, 9-11 m; 52H, 11-13m; 521, 13-15 m; 52J, 15-17 m; 52K, 
17-19 m; 52L, 19-21 m; 52M, 21-23 m; 52N, 23-25 m; 52P, 25-27 m; 52Q, 27-29 m; 52R, 29-31 m; 
52S, 31-33 m. Positions shown on Fig. 8, p. 91. 52T, core of anticline, 33m below base of Llanvirn 
(SN 1575 2020). 52U, immediately north of core of anticline, 31-33 m below base of Llanvirn (SN 1576 
2021). 52V (SN 1579 2024), 52W (SN 1583 2028), 52X (SN 1587 2037), 52Y (SN 1588 2039): separated 
by structural complexities from southern part of section, and distance below Llanvirn boundary 
unknown. 52Z by entrance to narrow track leading from path of railway (SN 1591 2057). 

53. Section on north side of road, 340 m at 124^ from Brynaeron, Llandissilio (SN 1295 2101) (Pontyfenni 
Formation). 

54. Old quarry 520 m at 154^ from Brechfa, Llanycefn (SN 0994 2168) (Pontyfenni Formation). 

55. Long Plantation railway cutting, Scolton (SM 9916 2152 to SM 9930 2153) (Llanfallteg Formation, D. 
artus Biozone). 

56. Triffleton Quarry (SM 9774 2428) (Blaencediw Formation). 

57. Brunel cuttings, east side of Treffgarne Gorge (SM 9602 2448 to SM 9603 2470) (Blaencediw Forma- 
tion at north end; ?Tremadoc at south end). 

58. Old quarry at Abercastle (SM 8531 3355) (Abercastle Formation). 

59. Exposure on east side of Porth-gain (SM 8143 3262) (junction of Abercastle Formation (Porth Gain 
Member) and Penmaen Dewi Formation). 

60. Small quarry 500 m at 356^ Lleithyr, north of St David's (Ogof Hén Formation). 

61. Exposures in Pwlluog, north end of Whitesand Bay (61A, B: southern inlet; 61C, E: northern inlet, 
beach level; 61D, F: northern inlet, cliff top; 61G: north side of Craig y Creigwr) (all Penmaen Dewi 
Formation) (61A SM 7328 2738, 61B SM 7322 2747, 61C SM 7320 2746, 61D SM 7322 2753, 61E SM 
7312 2758, 61F SM 7317 2760, 61G SM 7302 2759). 

62. Ramsey Island: Aber Mawr, beach level (SM 7005 2425) (Pontyfenni Formation equivalent). 

63. Ramsey Island: Cliff top at Ogof Hén (SM 7080 2520) (Ogof Hén Formation). 


Collections and repositories 


The trilobites and graptolites described herein were largely collected by the authors over the 
ten year period from 1974 to 1983. They are supplemented by existing museum collections, 
especially those of the British Geological Survey, and by specimens kindly presented by numer- 
ous individuals, listed in the acknowledgements. 

Figured and cited specimens are housed in the following institutions, except where stated 
otherwise: British Museum (Natural History) (register number prefixes I, Q, E, H and 1t), 
British Geological Survey, Keyworth (BGS and/or GSM), National Museum of Wales (NMW) 
and Sedgwick Museum, Cambridge (SM). 


Systematic descriptions: Trilobites 
by R. A. Fortey and R. M. Owens 


Trilobites are described family by family in the same order as in the Treatise on Invertebrate 
Paleontology (Harrington et al. 1959), with the exception that the Nileidae are classified with 
the Cyclopygidae in the superfamily Cyclopygacea, as proposed by Fortey (1981). Terminology 
generally also follows the Treatise except that the glabella is understood to include the occipital 


TIPP R. A. FORTEY & R. M. OWENS 


ring. The use of the term baccula (-ae) for swellings at the base of the glabella follows Opik 
(1967) and Fortey (1975). We use the term axial shield (Henningsmoen 1957) for moulted 
exoskeletons consisting of cranidium 4- thorax and pygidium. 


Family AGNOSTIDAE Salter 1864 
Genus LEIAGNOSTUS Jaekel 1909 
TYPE SPECIES. Leiagnostus erraticus Jaekel 1909, by monotypy. 


Leiagnostus cf. erraticus Jaekel 1909 
(Figs 14a, b) 


MATERIAL. Imperfect dorsal exoskeleton, BGS Pr557 + Pr581; pygidia: It.19560, NM W 
84.17G.30. 


STRATIGRAPHICAL RANGE. Upper Arenig, Fennian, zone of Bergamia rushtoni, Pontyfenni For- 
mation. 


LOCALITIES. Pontyfenni (loc. 23), and Cwmmiles (loc. 51). 


DISCUSSION. So featureless an agnostid does not require description of the general morphology. 
One pygidium (Fig. 14b) shows details of the pygidial axial musculature. The axis appears to be 
subfusiform, with a terminal tubercle at about two-thirds pygidial length; the median tubercle 
is far forward and is flanked by two pairs of muscle impressions; two further pairs lie behind 
these. The articulating half ring is well shown on the large pygidium of Fig. 14a; it is short 
(sag.) with a narrow ring furrow, which is not deepened into pits at its lateral extremities. Using 
Opik’s (1967: 71—72) categories of articulating devices, that of Leiagnostus appears to be of the 
basic (peronopsid) kind. The articulating device of Metagnostidae (Geragnostidae of authors, 
see Fortey 1980) is of the glyptagnostid kind: for example, Geragnostus (Tjernvik 1956: pl. 1, fig. 
10), Arthrorhachis (Fortey 1980: pl. 2, fig. 15) and Galbagnostus (Whittington 1965: pl. 4, fig. 7). 
Hence Leiagnostus is not likely to be an effaced metagnostid if this criterion is of phylogenetic 
importance. Effacement itself is highly polyphyletic in the Agnostida, and Howell’s (1935) 
family Leiagnostidae based on this aspect of morphology is clearly unsatisfactory. That metag- 
nostids did become almost as effaced as Leiagnostus is shown by highly effaced Geragnostus 
from Bohemia termed Neptunagnostella by Pek (1977); the articulating ring remains long (sag.) 


Fig. 14 Leiagnostus cf. erraticus Jaekel 1909. Pontyfenni Formation, late Arenig (Fennian), Bergamia 
rushtoni Biozone. a, large pygidium, loc. 23, x 8, It.19560; b, cephalon and pygidium, the latter 
showing muscle impressions on internal exoskeletal surface, loc. 23, x 8, GSM Pr581. 
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in these forms (Pek 1977: pl. 3, fig. 3). So on the strength of the articulating device we place 
Leiagnostus in the Agnostidae, following Opik’s (1967) classification. The pygidial musculature 
is not particularly helpful because indications of four pairs of impressions are to be found on 
both Agnostidae (e.g. Westergard 1946: pl. 16, fig. 16) and Metagnostidae (e.g. Pek 1977: pl. 3, 
fig. 4). 

The type species of Leiagnostus, L. erraticus Jaekel, is known from the holotype, a complete 
enrolled specimen from geschiebe material probably originating from the uppermost Arenig or 
early Llanvirn of Sweden. This specimen was re-illustrated by Neben & Krueger (1971: pl. 11, 
figs 37-38). The cephalon lacks a border, which is wide on the pygidium, itself only about 3mm 
long. Our large pygidium is twice this size, and differs from the type of L. erraticus in being 
almost parallel-sided with the maximum width behind the mid-length. A smaller pygidium from 
Wales (Fig. 14b), which is only a little larger than the type, resembles it in general proportions 
and in having an oval outline, so it is likely that small changes in pygidial outline accompanied 
continued growth. The pygidial tubercle does not show up on Jaekel’s original; this may be 
because it is covered with cuticle in this region, and the tubercle may be mostly a thinning of 
the exoskeleton. The Welsh specimens are crushed, and largely show parietal surfaces on which 
the tubercle is visible, so this difference may be less than it seems, but caution dictates that we 
should qualify our determination. The development of the tubercle is variable in other species; 
in L. bohemicus from the Llanvirn of Bohemia it varies from a prominent bulge to a minute, 
faint pustule (Pek 1977: pl. 5, figs 1-5). It is in a more posterior position than in L. cf. 
erraticus—at a fifth to a quarter of pygidial length (excluding half ring), but at one seventh or 
less of pygidial length on the Fennian specimens. The same distinction applies to L. franconicus 
Sdzuy 1955 from the Tremadoc of Germany, and to L. cf. turgidulus from the Tremadoc of 
south Wales (Fortey & Owens, in Owens et al. 1982: pl. 1, fig. b). L. turgidulus Harrington & 
Leanza 1957 from the Tremadoc of Argentina lacks a defined mid-axial tubercle but the 
postaxial tubercle is clearly visible, indicating that the axis in this species extended much 
further backwards than on L. cf. erraticus. The pygidial border on L. peltatus Tjernvik 1956 
from the early Arenig of Sweden is extremely narrow. L. alimbeticus Balashova 1961 is known 
from cephalic parts only, and cannot be properly evaluated in a genus in which pygidial details 
are essential in discriminating species. L. foulonensis Howell 1935 appears to show a cephalic 
border as well as a broad pygidial one, and is therefore excluded from Leiagnostus. 


Family METAGNOSTIDAE Jaekel 1909 
(= Geragnostidae Howell 1935; Trinodidae Howell 1935; Arthrorhachinae Raymond 1913). 


Genus CORRUGATAGNOSTUS Kobayashi 1939a 


, TYPE SPECIES. Agnostus morea Salter 1864 (see Whittard 1955: 11). 


Corrugatagnostus cf. refragor Pek 1969 
(Figs 15a-c) 


cf. 1969 Corrugatagnostus refragor Pek: 383; pl. 1, fig. 1. 
cf. 1977  Corrugatagnostus refragor Pek; Pek: 29-30; pl. 7, figs 4, 5; text-fig. 9. 
MATERIAL. Headshields, It.19561, It.19563; pygidium, It.19562. 


STRATIGRAPHICAL RANGE. Upper Arenig, Fennian; biozones of Bergamia rushtoni and Dionide 
levigena. 


LOCALITIES. Type locality of Pontyfenni Formation, and Llanfallteg Formation, type section. 


DISCUSSION. This species is known from sparse and rather poorly preserved material which does 
not permit a full description. In its glabellar structure it is a typical Corrugatagnostus— 
essentially a metagnostid en grand tenu (Fortey 1980: text-fig. 4). The scrobiculae are, however, 
rather weakly developed by comparison with the type species (Whittard 1955: text-fig. 2; Pek 


| 1977: 27-29; pl. 5, figs 6-8; pl. 6, figs 1-7; pl. 9, fig. 1; Pek & Prokop 1984) and with some 
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Fig. 15 Corrugatagnostus cf. refragor Pek 1977. Late Arenig (Fennian). a, latex cast from cephalic 
shield showing pattern of scrobiculae, Pontyfenni Formation, B. rushtoni Biozone, loc. 23, x 10, 
It.19561; b, latex cast from incomplete pygidium, Llanfallteg Formation, late Arenig, Biozone of 
Dionide levigena, type section, loc. 52, x 10, It.19562; c, latex cast from incomplete cephalon, 
Pontyfenni Formation, locality as Fig. 15b, x 12, It.19563. 


others: C. sol Whittard 1955, C. convergens Weir 1959. C. fortis (Novák 1883; see Pek 1977: 31; 
pl. 7, figs 1, 2; pl. 8, fig. 7) is weakly scrobiculate, but with a strongly zonate cephalon, and with 
an anterior glabellar furrow which does not arch forwards medially. There are four species with 
scrobiculae weakly developed as in our species: C. refragor Pek 1969, C. chekiangensis Sheng 
1964, C. transitus Lu 1975 and C. jiangshanensis Lu 1964 (see also Lu et al. 1976: pl. 9, fig. 3). 
Of these, C. jiangshanensis lacks the second transglabellar furrow, which indicates that it is a 
scrobiculate Segmentagnostus rather than a true Corrugatagnostus. The same probably applies 
to C. chekiangensis Sheng. C. transitus is known from a pygidium only, and this has more, but 
weaker, scrobiculae than in our species, and the terminal piece of the pygidium contracts in 
width from the preceding axial ring. C. refragor Pek is from the Llanvirn Sárka Formation of 
Bohemia, and is very close to our species; apart from similar density of scrobiculae, the anterior 
transglabellar furrow is arched gently forwards and the glabellar tubercle does not strongly 
protrude into the frontal glabellar lobe as it does on C. morea. Such differences as there are 
may well be because of preservation, the Bohemian species being well-preserved in relief. For 
example, the Fennian cephala are wider than long, where the type material of C. refragor has 
cephalic length almost equal to width, but if crushing ‘opened out’ the fixed cheeks this 
distinction may not be important. However, the cephalic border furrows are broader antero- 
laterally on the Welsh specimens, as if they were incipiently zonate. This difference is important 
enough for us to introduce the qualification into the determination. 


Genus ARTHRORHACHIS Hawle & Corda 1847 
TYPE SPECIES. Arthrorhachis tarda Hawle & Corda 1847, by monotypy. 


REMARKS. We follow Fortey (1980: 25-29) in using the generic name Arthrorhachis for metag- 
nostids lacking transglabellar furrows, and having a short pygidial axis with the terminal piece 
shorter than the postaxial field. These will have been referred to Geragnostus or Trinodus 
previously. 


Arthrorhachis sp. indet. 
(Figs 16a-d) 
MATERIAL. Cephalic shields: It.18569, NMW 33.189.G23; pygidia: It.19566—7. 


STRATIGRAPHICAL RANGE. Upper Arenig, Fennian, biozone of Bergamia rushtoni and probably 
also that of Stapeleyella abyfrons. 


LocarirIES. Pontyfenni Formation, type locality; and Llwyn-crwn, loc. 24; Pen-y-parc roadside 
section, loc. 38. 
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Fig. 16 Arthrorhachis sp. indet. Late Arenig (Fennian). a, imperfect cephalon and thoracic segment, S. 
abyfrons Biozone, loc. 38, x 4, It.19564; b, cephalon, B. rushtoni Biozone, loc. 24, x 4, NM W 
33.189.623; c, latex cast from thorax and pygidium, B. rushtoni Biozone, loc. 23, x 6, It.19566; 
d, latex cast from pygidium, loc. 23, x 6, It.19567. 


DISCUSSION. The Fennian species from south Wales is known by imperfectly preserved 
material, and adds little to our understanding of the genus as a whole. A full description of the 
morphology of Arthrorhachis has been provided by Kielan (1960) and Fortey (1980), and 
comparative remarks only are given here. The Fennian species differs from most other Arthro- 
rhachis spp., including the type species, in that the pygidial axis has a terminal piece which is 
wider than the preceding axial ring; in this respect it is more like some (but not all) species of 
Geragnostus. This character alone serves to distinguish our species from the following Arthro- 
rhachis from the early Ordovician: A. saltaensis (Harrington & Leanza 1957) from Argentina; 
A. danica (Poulsen 1965) (and its subspecies in Fortey, 1980), A. erratica (Jaekel 1909), A. 
mobergi (Tjernvik 1956), A. elliptifrons (Tjernvik 1956) and A. lentiformis (Angelin 1854) from 
Scandinavia and Spitsbergen; A. hebetatus (Dean 1973b) from Turkey; Howell's (1935; see also 
Capera et al. 1978) three species from the early Arenig of the Montagne Noire, southern 
France (A. chinianensis, A. abruptus and A. corpulentus, probably all variants of one species); 
and A. cf. mobergi (Tjernvik) Chang & Fan 1960 (also Lu et al. 1965: pl. 2, figs 13-14) from 
China. Trinodus valmeyensis Ross 1958, from the western United States, has an advanced 
glabellar tubercle and would now be referred to Galbagnostus Whittington. 

The only early Ordovician species with the same pygidial axial structure is A. hupehensis Lu 
1975 (especially his pl. 1, fig. 13) from the late Arenig (or earliest Llanvirn) of SW China, 
although Lu's pl. 14, fig. 14 shows a more usual Arthrorhachis pygidial axis. The Welsh and 
Chinese specimens are unlikely to be conspecific, because the pygidial border of the latter is 
consistently much wider—about one-sixth (sag.) pygidial length as compared with less than 
one-tenth. 

One much later (Caradoc) species with a similar pygidial axial structure is A. pragensis Přibyl 
& Vanék 1968 (see Pek, 1977: 24-25; pl. 1, figs 9, 10; Pek & Prokop 1984), but in this species 
the axis (excluding half ring) is much shorter than the postaxial field, where they are nearly 
equal on our specimens. Although the median pygidial tubercle is not well preserved on the 
Welsh pygidia, it is clearly a narrower, less tumid structure than that of A. pragensis. 

The stratigraphically early cephalon from the Stapeleyella abyfrons Biozone has a wider 
border than those from the Bergamia rushtoni Biozone, but with so few specimens we can say 
nothing about the intraspecific variation. Cephalic features are generally similar throughout the 
genus. 

In summary, it is probable that we have a new Arthrorhachis species in the Pontyfenni 
Formation, but the material is inadequate to name it as such; hence we place it under open 
nomenclature. 


116 R. A. FORTEY & R. M. OWENS 
Genus SEGMENTAGNOSTUS Pek 1977 


TYPE SPECIES. Agnostus caducus Barrande 1872, by original designation; Llandeilo, Bohemia 
(Whittard 1955, Pek 1977, Pek & Prokop 1984). 


DIAGNOSIS. Metagnostids with one deep transglabellar furrow, shaped like an inverted ‘v’; 
pygidium like that of Geragnostus. 


DISCUSSION. This genus was discussed at length by Fortey (1980: 27), who noted that the 
glabellar structure differed fundamentally from that of Arthrorhachis and Geragnostus with 
regard to the incision of the transglabellar furrow relative to cephalic musculature. The inverted 
'v' transglabellar furrow is regarded as the defining character; if a second pair of glabellar 
furrows is present at all they appear as small indentations in the sides of the glabella. Pek 
(1977) included Agnostus frici Holub 1908 within his concept of the genus, on which a second 
pair of furrows is strongly developed, essentially in the arrangement characteristic of Corrugat- 
agnostus, and this species is probably better regarded as a non-scrobiculate member of that 
genus. 

Fortey (1980) listed five species besides the type species assignable to Segmentagnostus as we 
understand it: from Britain, France and Argentina. To these may be added: Geragnostus merus 
Zhou (in Lu et al. 1976) from Jiangxi, China; that specimen of Geragnostus sinensis Sheng 1974 
on his pl. 1, fig. 1b from Yunnan; and Geragnostus scoltonensis Whittard 1966, from Wales, and 
S. stubblefieldi Rushton & Hughes 1981 from the Great Paxton borehole. The distribution of 
the genus appears to be peri-Gondwanan, matching that of Neseuretus, for example, although 
Segmentagnostus is found in deeper water facies. However, the presence of a probable Segment- 
agnostus in western Newfoundland (Fortey 1982) suggests that the genus could yet prove to be 
more widespread in the appropriate facies. 


Segmentagnostus hirundo (Hicks 1875) 
(Fig. 17a) 


1875  Agnostus hirundo Hicks: 176; pl. x, fig. 10. 

1914  Agnostus maccoyi Salter; Thomas in Strahan et al.: 18. 

1939b Geragnostus (Micragnostus) hirundo (Hicks) Kobayashi: 579. 

1955  Geragnostus hirundo (Hicks); Whittard: 7-8 (pars); pl. 1, fig. 4, non figs 1-3. 


HoLoTrvPr. Pygidium, SM A15265, from the Whitlandian of ‘Whitesands Bay’ (presumably 
Pwlluog) St David's, Dyfed. The counterpart of this specimen is 1.709 in the British Museum 
(Natural History). 


STRATIGRAPHICAL RANGE. Whitlandian, Bergamia gibbsii Biozone. 
OTHER OCCURRENCE. Rhyd Henllan Member of Colomendy Formation, loc. 47. 
MATERIAL. Cephalic shield, It.19596; pygidium BGS Pr1850. 


Discussion. Whittard (1955) refigured the holotype, a poorly preserved pygidium. He believed 
the type material was of late Arenig age, which we now know to be incorrect, and we here 
assign Whittard’s supposed S. hirundo from Shropshire to S. scoltonensis (see below). There is 
nothing to add to Whittard’s description of the type specimen. We have collected an extremely 
poorly preserved cephalic shield (It.19596) from Pwlluog which shows that the species is prob- 
ably correctly referred to Segmentagnostus. A well-preserved, incomplete pygidium from the 
Whitland area (Fig. 17a) gives a better idea of pygidial morphology than the type. The pygidial 
marginal spines are minute compared with S. scoltonensis as interpreted here (cf. Whittard 
1955: pl. 1, fig. 2), but like that species the mid-part of the first axial ring is hardly defined, in 
this respect contrasting with S. whitlandensis sp. nov. 


Segmentagnostus whitlandensis sp. nov. 
(Figs 17d—g) 


1914  Agnostus hirundo Salter; Thomas in Strahan et al.: 19. 
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HoLoTYPE. Cephalic shield, 1t.19569. 
PARATYPES. Pygidia: 1t.19570—2; BGS Pr1756-8, Pr1766. 


TYPE LOCALITY AND HORIZON. Loc. 38; Late Arenig, Fennian, Pontyfenni Formation, Stapeley- 
ella abyfrons Biozone. Known only from the type locality. 


NAME. After the Whitland district. 


DIAGNOSIS. Segmentagnostus with granulate surface sculpture; median glabellar tubercle not 
immediately behind transglabellar furrow; terminal piece on pygidial axis equal to or exceeding 
length of postaxial field; first pygidial axial ring well-defined medially. 


DESCRIPTION. Cephalon with maximum width near rear, this equal to sag. length. Glabella 
occupies two-thirds cephalic length, and two-fifths maximum width, expanding in width gently 
forwards to anterolateral corners. Axial furrows deep, somewhat wider posteriorly. Trans- 
glabellar furrow only slightly less deep, forming a deep inverted ‘v’ and dividing the glabella 
into two lobes, the frontal lobe slightly more than half the length of the posterior lobe. The 
median glabellar tubercle is prominent, and at a small distance behind the transglabellar 
furrow, almost opposite its outer ends. Posteromedially the glabella is extended into a median 
acumination between the basal lobes, which are of the inflated triangular form usual in metag- 
nostids. Border defined by a very deep furrow which is widest anterolaterally; border comprises 
well under 10% cephalic length. 

The best preserved pygidia include external moulds, showing the granulation which we 
presume covered the whole dorsal surface. The pygidial axis is of the usual Segmentagnostus 
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Fig. 17 a, Segmentagnostus hirundo (Hicks 1875). Late Arenig (Fennian); pygidium, Rhyd Henllan 
Member, loc. 47, Whitlandian, gibbsii Biozone, x 12, GSM Pr1850. b-c, Segmentagnostus scolton- 
ensis (Whittard 1966); b, cephalon, Llanfallteg Formation, type section, Fennian Dionide levigena 
Biozone, x 15,1t.19597; c, cast from incomplete cephalon, Pontyfenni Formation, loc. 23, Bergamia 
rushtoni Biozone, x 8, 1t.19598. d-g, Segmentagnostus whitlandensis sp. nov., late Arenig (Fennian, 
Stapeleyella abyfrons Biozone), Pontyfenni Formation, loc. 38. d, latex cast from external mould of 
incomplete pygidium showing granulation, x 12, 1.19570; e, holotype, cephalon, internal mould 
showing tubercle behind transglabellar furrow, x 12, It.19569; f, latex cast from well-preserved 
pygidium, x 20, GSM Pr1758; g, pygidium, x 12, GSM Pr1766. 
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form, tapering past the two axial rings, and expanding gently around the terminal piece. The 
structure of the axial rings is generally the same as in S. mccoyii as described by Hughes (1969) 
except that the first axial ring is well defined medially; the prominent median tubercle is on the 
second ring only, and slightly impinges on the terminal piece. There is also a minute tubercle at 
the tip of the axis. Terminal piece long, equal to or exceeding in length the postaxial field. 
Borders relatively narrow, as on cephalic shield, with very small marginal spines. 


Discussion. There are two differences between the pygidia of this species and those of S. 
hirundo and S. scoltonensis which are not likely to be accountable as differences in size or 
preservation. The pygidial border on scoltonensis is almost twice as wide posterolaterally, and 
the first axial ring narrows markedly abaxially and is effaced, whereas on S. whitlandensis the 
median lobe is quite well defined there and only slightly narrower (sag.) than those on either 
side. The second distinction also applies to S. mccoyii (Salter) (see Hughes, 1969: pl. 1, fig. 3). 
The granulate surface is at present unique to S. whitlandensis among described Segmen- 
tagnostus, but preservation may not be adequate to record it on other species. S. whitlandensis 
differs from all other post-Arenig Segmentagnostus, including the type species (Whittard 1955: 
text-fig. 2a; Pek 1977: pl. 1, fig. 7) in having the glabellar tubercle distinctly posterior to the 
transglabellar furrow. 

Segmentagnostus changes little throughout its long history: the earliest species S. neumanni 
(Harrington & Leanza 1957) from the Lower Tremadoc of Argentina is generally like the 
youngest, S. merus (Zhou 1976), from the Upper Ordovician of China. Harrington & Leanza 
(1957: 69) state that the glabellar tubercle on their species ‘does not reach the transglabellar 
furrow' (but see their fig. 13, 10), and 1f this is so it is the only species besides S. whitlandensis 
with this character. S. neumanni differs from the Welsh species because the transglabellar furrow 
is a very weak ‘inverted v’, the posterior glabellar lobe is longer, and the pygidium carries long 
marginal spines. 


Segmentagnostus scoltonensis (Whittard 1966) 
(Figs 17b, c) 


1955  Geragnostus hirundo (Hicks); Whittard: 7-8 (pars); pl. 1, figs 1—3, non fig. 4. 
1966  Geragnostus scoltonensis Whittard: 266-267; pl. 46, figs 3-5. 


HoLoTYPE. Distorted complete exoskeleton, SM A44493. 


TYPE LOCALITY AND HORIZON. Llanfallteg Formation, early Llanvirn part, D. artus Biozone; 
Scolton Railway cutting, Dyfed. 


OTHER OCCURRENCES. Llanfallteg Formation, latest Arenig part; Tankerville Flags of Shrop- 
shire (Upper Arenig); Pontyfenni Formation (Upper Arenig, B. rushtoni Biozone), loc. 23; 
?Stapeley Volcanics, Llanvirn, Shropshire. 


FIGURED MATERIAL. Cephalic shields: It.19597-8. 


Discussion. The holotype of this species is considerably elongated (sag.) by distortion 
(Whittard 1966: pl. 46, fig. 4) and its morphology is not easy to interpret. Our view of this 
species is therefore inevitably influenced by stratigraphical considerations. When Whittard 
(1955) described S. ‘hirundo’ (Hicks) from the Tankerville Flags, he assumed that the type of 
that species from St David's was from the late Arenig (^D. hirundo Zone’) also. We now know it 
to be much older (Whitlandian). On the other hand the type of S. scoltonensis is from the 
Llanfallteg Formation, and there are other similarities between the Llanfallteg Formation 
fauna and that of the Tankerville Flags in Shropshire. Whittard (1966) stressed the absence of a 
second pair of glabellar furrows (posterior to the transglabellar furrow) as the important 
specific character of S. scoltonensis, but the same is true of his (1955) so-called hirundo from the 
Tankerville Flags. These specimens also show the glabellar tubercle immediately behind the 
transglabellar furrow, which is an important difference from the S. whitlandensis cephalon 
figured here. Broad pygidial borders, compared with S. mccoyii (Salter) or S. stubblefieldi 
Rushton & Hughes 1981, are present on the type of scoltonensis and the Segmentagnostus from 
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the Tankerville Flags. Hence we consider it likely that the Scolton and Tankerville specimens 
are conspecific, the name scoltonensis should be applied to them, and that the species ranges 
across the Arenig-Llanvirn boundary. 

We figure here cephalic shields from the upper part of the Pontyfenni Formation, of similar 
age to the Tankerville scoltonensis, and from the succeeding Dionide levigena Biozone of the 
Llanfallteg Formation. Both show a slightly shorter frontal glabellar lobe when compared with 
Whittard's (1955: pl. 1, fig. 1) cephalic shield, but since this proportion shows a certain range of 
variation in Segmentagnostus (Hughes 1969: table 1), and is altered by distortion, this is not 
regarded as important. The larger cephalic shield (Fig. 17c) shows a faint indication of a second 
pair of glabellar furrows. Whittard (1966: pl. 46, fig. 5) also figured a cephalic shield from the 
Stapeley volcanics, which would imply a stratigraphical range into the later Llanvirn, although 
it is as well to be cautious about this until a pygidium is discovered from the later horizon. 

S. scoltonensis is distinguished from S. stubblefieldi Rushton & Hughes 1981, from the Llan- 
virn of the Great Paxton Borehole, by the latter having a pygidial axis which tapers uniformly 
past the first two rings to an almost rectangular terminal piece; a prominent median ridge on 
the pygidial axis of S. stubblefieldi produces a distinct tripartition of the anterior axial ring. The 
type of S. scoltonensis, poorly preserved though it is, is clearly like the Tankerville specimens in 
these characters. S. scoltonensis is very like S. hirundo from the middle Arenig; if our attribution 
of the Tankerville specimens to the former is correct the marginal pygidial spines are more 
prominent on S. scoltonensis, and the first two pygidial axial rings account for a greater 
proportion (sag.) of the pygidial axis. More material of both species needs to be discovered to 
assess the limits of variation. 


Family SHUMARDIIDAE Lake 1907 
Genus SHUMARDIA Billings 1862 
TYPE SPECIES. Shumardia granulosa Billings 1862, by monotypy. 


DISCUSSION. Several generic and subgeneric names have been proposed for Shumardia-like 
trilobites recently, and there is the question of whether the genus Conophrys Callaway (type 
species C. salopiensis Callaway 1877) should be revived. Fortey (1980) reviewed Shumardia, 
sensu lato and concluded that the described species did not unequivocally divide into two— 
Shumardia and Conophrys—in spite of the differences between their type species. Fortey & 
Rushton (1980) redescribed the shumardiid Acanthopleurella Groom, which is distinguished 
from Shumardia by having only four thoracic segments, two of which are macropleural, and in 
having a long (sag.) occipital ring, genal spines, and short, stubby pygidial axis. They also 
illustrated what is probably the best-preserved specimen of Conophrys salopiensis yet dis- 
covered. Fortey (1980) did not consider Kweichowilla Chang 1964 (type species K. minuta 
Chang 1964), and Přibyl & Vaněk (1980: 14) have recently proposed the subgenus Shumardia 
(Shumardella) with S. bohemica Marek 1964 as type species. 

So there are now four possible supraspecific taxa to be considered: Shumardia, Conophr ys, 
Kweichowilla and Shumardella. The type species of Shumardia was revised by Whittington 
(1965); we note that its glabella is well defined anteriorly, with large anterolateral lobes. 
Whittington considered that it lacks a macropleural thoracic segment, and the long (sag.) 
pygidium is without borders laterally. Conophrys salopiensis from Shropshire and Wales has 
been identified with the species S. pusilla (Sars) (Stubblefield 1926), but 1s a distinct form (P. 
Whitworth, personal communication 1972). The glabella is defined anteriorly, with rather small 
anterolateral lobes; genal spines are lacking (Fortey & Rushton 1980: fig. 17); the fourth 
thoracic segment is macropleural; the pygidium is transverse with the axis extending nearly to 
the border, which is narrow but distinct. Kweichowilla has not been formally diagnosed, 
although the type species has been illustrated three times (Chang et al. 1964; Lu & Zhang 1974: 
pl. 55, figs 2, 3; Yin & Li 1978: pl. 162, figs 10, 11). It is distinguished by its relatively huge, 
drop-like glabella lobes, which extend far back, and by the broad glabellar tongue which 
extends to the anterior cranidial margin. The pygidium attributed to K. minuta is elongate and 
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subtriangular like that of the type species of Shumardia. The type species of Shumardella 1s 
known from the cranidium alone, a fragmentary pygidium figured by Marek (1964) being only 
doubtfully associated. On S. bohemica the furrows defining the anterolateral glabellar lobes are 
narrow, and the lobes do not bulge outwards in the manner of most shumardiids, so that the 
glabellar outline is nearly parabolic. The posterior borders on the fixed cheeks are relatively 
wide (exsag.) and not depressed below the rest of the cheek. 

On the basis of the type species alone the four taxa appear easily definable, but as Fortey 
(1980) observed, when other species are taken into account the distinctions are less clear-cut. If 
the genera were phylogenetic units one might expect pygidial characters to be consistent with 
cephalic ones, but this is not so. For example, several species with Shumardia-like cranidia have 
transverse, Conophrys-hke pygidia (S. minaretta Fortey 1980), others with Kweichowilla-like 
cranidia have transverse pygidia unlike the type species of that genus (e.g. S. forbesi Stait & 
Laurie 1983). The classification of such species as S. curta Stubblefield 1927 and S. ctenata 
Robison & Pantoja-Alor 1968, which have free pleural tips on the pygidium, is also unclear. 
There may be an argument for employing subdivisions within the large genus Shumardia as 
Dean (1973a) suggested, and a compromise may be to use subgeneric categories based on the 
type species; species for which no pygidium is known, or with ambiguous combinations of 
characters, may be referred to Shumardia, sensu lato. 

Using this approach, the following diagnoses may be proposed, with some of the previously 
described Shumardia species listed in Fortey (1980) indicated with their subgeneric placing. 


Shumardia (Shumardia): Glabella defined anteriorly inside cephalic margin; anterolateral glabel- 
lar lobes large, swollen, but not extending far back; macropleural thoracic segment lacking; 
pygidium elongate-triangular, axis not extending near margin, and well-defined borders 
lacking. Shumardia granulosa Billings 1862, S. dicksoni Moberg & Segerberg 1906, S. lacrima 
Koroleva 1964, S. tarimuensis Zhang 1983 and S. gadwensis sp. nov. (p. 121). 


Shumardia (Conophr ys): Glabella defined anteriorly inside cephalic margin; anterolateral glabel- 
lar lobes small to moderate sized, not greatly inflated; macropleural thoracic segment present 
(where thorax known); pygidium transversely oval or semicircular, axis extending to border; 
narrow pygidial borders present, or elevated marginal rim. C. salopiensis Callaway 1877, C. 
pusilla (Sars 1835), C. nericiensis Wiman 1905 (but with short pygidial axis), C. oelandica 
Moberg 1901, ?C. bottnica Wiman 1902, C. changshanensis Lu (in Lu et al. 1976), C. keguqin- 
ensis Xiang & Zhang 1984. 


Shumardia (Kweichowilla): Glabella continued forward as broad tongue to cranidial margin, 
often more or less effaced; glabellar lobes extending backwards, large, drop-like; pygidium 
transverse, or triangular. K. minuta Chang 1964, K. hongyaensis Lu & Zhang 1974, K. lacrimosa 
Dean 1973a, K. acuticaudata Fortey 1980, K. matchensis Legg 1976, S. sagittula Whittington 
1965, K. forbesi Stait & Laurie 1983. 


Shumardia (Shumardella): Cranidium narrow (tr.), glabella parabolic to clavate, not reaching 
cranidial margin, with anterolateral lobes not greatly projecting, defined by narrow glabellar 
furrows. S. bohemica Marek 1964, S. polonica Kielan 1960, S. scotica Reed 1903, S. extensa Weir 
1959, S. tenacis Zhou in Lu et al. 1976. These are all late Ordovician species; the earlier 
Ordovician S. phalloides Fortey 1980 is generally similar, but the glabella has a narrow tongue. 


The genus Eoshumardia Hupé 1953 is only described from its type species from the Upper 
Cambrian, Shumardia orientalis Mansuy (1916: pl. 1, figs 28a-e). Mansuy's cranidium on fig. 
28a shows a prominent occipital spine; the anterolateral glabellar lobes are well developed as in 
Shumardia (Shumardia); there may be bacculae in the axial furrows (but from the illustrations it 
is impossible to tell whether these structures may simply be uncleaned matrix); the posterior 
cranidial border is wide (exsag.). The pygidium assigned by Mansuy is somewhat elongate (sag.) 
in the manner of Shumardia (Shumardia), but with the axis long and narrow and extending 
almost to the margin. Eoshumardia is closest to Shumardia (Shumardia) of our usage, but its 
validity will depend on the redescription of the type species. The genus Koldinioidia Kobayashi 
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1931 has been used by Robison & Pantoja-Alor (1968) and Shergold (1975) to apply to 
shumardiids with tapering glabella, and glabellar lobes hardly defined. Zhou & Zhang (1984) 
have redescribed the type species (K. typicalis), which 1s not at all like the species subsequently 
assigned to Koldinioidia; the cranidium is similar to that of Eoshumardia. The pygidium figured 
by Zhou & Zhang is transverse, like that of Conophrys. 


Subgenus SHUMARDIA Billings 1862 


Shumardia (Shumardia) gadwensis sp. nov. 
(Figs 18a-i, 20) 


HororvPt. Dorsal exoskeleton, It.19573. 


PARATYPES. Dorsal exoskeletons: 1t.19574—5, It.19578; cranidia: It.19576-7, NMW 84.17G.35; 
pygidium: 1t.19579. 


TYPE LOCALITY AND HORIZON. East side of Nant-y-Gadwen, Llanfaelrhys, Llyn Peninsula; 
Middle Arenig (Whitlandian), Biozone of Gymnostomix gibbsii, unnamed mudstone formation. 


Name. After the type locality. 


OTHER OCCURRENCES. Also known from the Whitlandian mudstones beside track of Dwyrhos 
Farm, west of Aberdaron, Llyn Peninsula. In south Wales, S. gadwensis occurs in the Whit- 
landian of Pwlluog, north of Whitesand Bay, St David's, Dyfed, in the Penmaen Dewi Forma- 
tion, Biozone of Gymnostomix gibbsii, and from slightly higher in the section just below the 
igneous intrusion (loc. 61G). From the Afon Ffinnant Formation, S. gadwensis has been reco- 
vered from the Cwm Arbont locality (Fortey & Owens 1978: fig. 3), near top of section, and 
from Afon Ffinnant loc. 16K. 


DIAGNOSIS. Shumardia (Shumardia) with fixed cheeks of transverse width at posterior margin 
less than that of occipital ring. Pygidium with four axial rings, two deep pairs of pleural 
furrows, and without border. Exoskeletal surface not granulate. 


DESCRIPTION. None of the material of this species is perfectly preserved, but we have several 
articulated specimens, and taken together the material is adequate to produce the reconstruc- 
tion shown on Fig. 20, p. 125. It is a useful guide fossil for the Whitlandian, and the only 
representative of Shumardia (Shumardia) from undoubted Arenig rocks. For these reasons it 
seems advisable to name it. The entire specimens are either somewhat stretched or compressed 
and it is not possible to give a length/width ratio; however the cephalon, thorax and pygidium 
are about equal in length (sag.). Transverse convexity is considerable, and as usual in shumardi- 
ids this is because the cheeks and thoracic pleurae are sharply downturned laterally. On many 
specimens the lateral edges have collapsed, often in a somewhat lopsided fashion (Fig. 18a). On 
the least distorted specimens the cranidium is twice as wide as long. The width of the fixed 
cheek at its widest, at the posterior margin, is a little less than the transverse width of the 
occipital ring, but the cheeks appear relatively narrower when crushed. Glabella tapers only 
slightly forwards to drop-like glabellar lobes which are fairly prominent, slightly inflated, and 
protrude into the side axial furrows. The transverse width of the lobes is a little less than the 
width of the mid-part of the glabella between them. The front of the glabella is distinctly 
defined at an obtuse point well inside the margin. The preglabellar furrow is deep on all but the 
small cranidium in Fig. 18e (on which the front of the glabella can still be seen), which may be 
attributable to preservation as the occipital furrow is also faint on this specimen. Smaller 
specimens, including the complete exoskeleton in Fig. 18c, show a small occipital spine which 
we have not seen on larger cranidia; loss of this spine is presumed to be a feature of later 
ontogeny. Posterior border furrow deep adaxially, but fading rapidly laterally, as it curves a 
little forwards. No specimen shows details of the free cheeks. The holotype shows a small 
baccula on the left side of the glabella; no other specimen is well enough preserved to show 
this feature. 
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Fig. 18 a-i, Shumardia (Shumardia) gadwensis sp. nov. Middle Arenig (Whitlandian, G. gibbsii 
Biozone); a, b, cranidium, internal mould but well-preserved, with original relief preserved on right 
side, dorsal and anterior views, Afon Ffinnant Formation, loc. 17, x 12, 1t.19576; c, cast from 
holotype, somewhat compressed small dorsal exoskeleton, mudstones in Nant-y-Gadwen, Ll$n, 
north Wales, x 12, 1t.19573; d, poorly-preserved but not distorted dorsal exoskelton, showing 
thoracic segments, Penmaen Dewi Formation, near intrusion, north of Whitesand Bay, x 6, 
1t.19575; e, g, pygidium (1t.19579) and cranidium (1t.19577) on same slab, internal mould and latex 
cast from counterpart showing undistorted proportions of pygidium; note occipital spine on small 
cranidium, loc. as Fig. 18a, x 15; f, h complete exoskeleton, slightly distorted by tectonic extension, 
dorsal and lateral views, locality as holotype, Fig. 18c, x 14, 1t.19574; i, small exoskeleton, internal 
mould, Dwyrhos Quarry, Lljn, north Wales, x 20, 1t.19578. j-k, Shumardia (Shumardia) sp. A. 
Upper Arenig (Fennian); j, pygidium, Pontyfenni Formation, (S. abyfrons Biozone), loc. 38, x 14, 
1t.19582; k, cranidium, same locality, x 12, It.19580. 1, Leioshumardia sp. A; dorsal view, Middle 
Arenig, Whitlandian, Afon Ffinnant Formation, loc. 17, x 14, 1t.19583. 


The smaller complete specimen apparently shows five thoracic segments. The larger (Fig. 18f) 
one is not well preserved but shows a ring-like structure behind the occipital ring which could 
be interpreted as evidence of a sixth segment. A poorly preserved but otherwise undistorted 
specimen from Whitesand Bay (Fig. 18d) shows six thoracic segments also, as does a small 
specimen (Fig. 181) from Dwyrhos Quarry, Llŷn. None is macropleural. The axis tapers back- 
wards after the third segment. Pleural furrows are short, not extending onto the downturned, 
faceted pleural tips. 

Axial taper continues backwards on the pygidial axis: axial furrows enclose an angle of 
about 30°. Pygidium triangular, slightly wider than long, without border; axis extends to 
two-thirds pygidial length. There are certainly four axial rings; a faint fifth may be present on 
the flanks of the rounded terminal piece. There are two pairs of deep pleural furrows, which 
curve backwards but do not extend to the pygidial margin. The external mould (Fig. 18g) of the 
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best-preserved specimen shows a much shorter third pair of pleural furrows and a suggestion of 
a fourth pair. Some of the material is well enough preserved to suggest that the exterior surface 
of the whole exoskeleton was probably smooth, and assuredly not granulate like S. (S.) granu- 
losa Billings. 


Discussion. Whittington (1965) has given a full description of the type species Shumardia 
(Shumardia) granulosa Billings 1862, from the Shumardia Limestone, Quebec. It is generally 
simiiar to S. gadwensis, particularly with regard to pygidial morphology. Whittington's pl. 16, 
fig. 12 clearly shows the bacculae adjacent to the base of the glabella which are also present on 
the holotype of S. gadwensis. There are several good specific differences: the glabella of S. 
granulosa is proportionately narrower, width of the occipital ring being less than that of the 
fixed cheeks; the anterior glabellar lobes are wider (tr.) and more inflated; the pygidium has a 
flattened postaxial border (this is not true of Whittington's pl. 16, figs 5-9, however); there is a 
granulate surface sculpture. S. dicksoni Moberg & Segerberg (1906: pl. 4, figs 17-22) is less 
similar to S. gadwensis; if the cranidium is correctly assigned the glabella has small antero- 
lateral lobes, a rounded front, and a second pair of glabellar furrows; the pygidial axis is much 
shorter than that of S. gadwensis. S. lacrima Koroleva 1964, from the Middle Ordovician of 
Kazakhstan, has a cranidium very like that of S. gadwensis, although the fixed cheeks are 
narrower and the anterolateral glabellar lobes protrude further into the axial furrows. The 
pygidium is distinctive: it has five or six pairs of short pleural furrows. 

S. (S.) gadwensis, dicksoni and granulosa together constitute the concept of Shumardia 
(Shumardia) advocated here. 


Shumardia (Shumardia) sp. A 
(Figs 18j, k) 


MATERIAL. Cranidia: 1t.19580-1; pygidia: 1t.19582-3. 


STRATIGRAPHICAL RANGE. Upper Arenig (Fennian), Biozone of Stapeleyella abyfrons; ?Biozone 
of Bergamia rushtoni. 


LOCALITIES. Pontyfenni Formation, Pen-y-parc section (loc. 38); Gelli Diogyn (loc. 32a). 


DISCUSSION. There is a second species of Shumardia (Shumardia) from a higher stratigraphical 
level than S. (S). gadwensis. It appears to be another new species, but the material is far from 
sufficient to name it formally. The cranidium differs from that of S. gadwensis in having even 
narrower fixed cheeks and in having a depressed area in front of the glabella (like the type 
species, S. granulosa) The pygidium is highly effaced, and in this it differs from all other 
Shumardia (Shumardia) spp. Although the axis is long, only one ring is defined, and that 
incompletely. This is not an artefact of preservation, because both specimens show it, and the 
axial furrows are of usual depth. 


Subgenus CONOPHRYS Callaway 1877 
TYPE sPECIES. Conophrys salopiensis Callaway 1877; Shineton Shales, Shropshire. 


Shumardia (Conophr ys) crossi sp. nov. 
(Figs 19a—h, 20) 


HoLoTYPE. Exoskeleton with right side of cranidium damaged, It.19584. 


PARATYPES. Imperfect exoskeletons: It.19585-6, NMW 84.17G.36; cranidia: 1t.19587-8, BGS 
JP4883-4; pygidia: It.19589-90, NM W 84.17G.37-38. 


TYPE LOCALITY AND HORIZON. Loc. 23; Pontyfenni Formation type locality, Upper Arenig 
(Fennian), biozone of Bergamia rushtoni. 


NAME. For Mr F. Cross, who collected the holotype, and many other specimens figured in this 
work. 
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OTHER OCCURRENCES. S. (C.) crossi has only been found in the Pontyfenni Formation of south 
Wales, biozone of Bergamia rushtoni. It is known otherwise from west of Banc-y-felin, at 
Rushmoor (Survey loc. 388W E45), at Bron-y-Gaer (Survey loc. 388W E41), and at Sarn-lás 
(loc. 48). 


DIAGNOSIS. Shumardia (Conophrys) with broad (tr. anterior glabellar lobe, which is hardly 
pointed and defined by faint preglabellar furrows; bacculae present in axial furrows. Six tho- 
racic segments, no macropleural segment. Pygidial axis exceptionally broad for subgenus, 
occupying half pygidial width at first ring. 


DESCRIPTION. The holotype (Figs 19a-c) is almost undistorted and shows the original convexity. 
Exoskeleton almost twice as long as wide. This specimen demonstrates that the glabella was 
turned down with the cephalic edge, but still terminates inside the margin. Other cranidia are 
all slightly crushed. That in Fig. 19h apparently shows the glabella continuing to the margin as 
a tongue in the manner of Kweichowilla (right side), but this is an artefact of preservation. 
Glabella occupies just under half cranidial width at occipital ring. Axial furrows are deep 
posteriorly but shallow abruptly around the anterior glabellar lobe, so that they appear effaced 
on the more poorly preserved material; the course of the preglabellar furrows can be discerned 
on internal moulds (Fig. 19d). There are distinct bacculae which constrict the base of the 
glabella a little. The anterolateral glabellar lobes protrude outwards, but not far beyond the 
level of the lateral margins of the occipital ring; the furrows defining them are narrow and do 
not extend more than one-third across the median glabellar lobe. On flattened cranidia the 
position of the anterolateral lobes is displaced relatively backwards because of the splaying out 
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Fig. 19. Shumardia (Conophrys) crossi sp. nov. Upper Arenig, Fennian (Bergamia rushtoni Biozone), 
loc. 23. a—c, holotype, incomplete dorsal exoskeleton, dorsal, oblique and lateral views, x 8, It.19584; 
d, e, cranidium and one thoracic segment, dorsal and lateral views, x 9, It.19587; f, latex cast from 
natural mould of larger pygidium, x 10, 1t.19589; g, well-preserved pygidium, x 12, 1t.19590; h, 
crushed cranidium, x 8,1t.19588. 
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of the cranidial margin. The front of the glabella is almost bluntly rounded about the mid-line, 
or with a faint suggestion of a point (Fig. 19d). Posterior border furrow deep, not reaching 
cranidial margin; border widens laterally. 

Thorax with axis nearly three times as wide as thoracic pleurae; we have found no evidence 
of a macropleural segment. Structure of pleurae typically shumardiid, with depressed front 
margin fitting beneath preceding pleura, transverse pleural furrows near back of pleura, and 
deep, downturned facet. Axis hardly tapers backwards. 

Pygidia in relief are two-thirds to three-quarters as long as wide (long (sag.) half-ring is 
excluded); flattened examples may appear a little longer as the postaxial field is extended. The 
axis is very wide (tr.}—half pygidial width at first ring—and transversely convex, with only 
gentle backward taper to a broadly rounded termination at about 0-7 of pygidial length (again 
half-ring excluded). Four axial rings are defined by furrows which are distinctly fainter medially 
(the fourth may be hard to discern); the first three rings are of equal length (sag.) The three 
pairs of pleural furrows are progressively shorter backwards, the third pair being very short. In 
the relief material the postaxial field slopes down to a narrow (sag.) flattened border, which 
becomes narrower away from the mid-line and does not extend to the anterolateral margins. 
This may be obliterated on crushed material. The holotype shows the extent of the doublure 
where it is impressed on the dorsal surface; wide on the mid-line, and narrowing rather 
abruptly to the second pair of pleural furrows. 


Fig. 20 Reconstructions of Shumardia (Shumardia) gadwensis sp. nov. (left) and S. crossi sp. nov. 
(right); x 18 approx. 
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Well-preserved material shows a distinctive surface sculpture of irregular anastomosing 
ridges; around the front margin of the cranidium there are close-set raised lines parallel to the 
margin. One pygidium (Fig. 19g) shows lines of small tubercles on the hind margin of the axial 
rings, and a similar sculpture was probably present on thoracic rings. 


DISCUSSION. S. (C.) crossi is a distinctive species of Conophrys; its wide pygidial axis dis- 
tinguishes it from all others given in the generic discussion above. Indeed the relatively long 
pygidium, with a flattened border, is perhaps more like Shumardia (Shumardia), although it does 
not have the typical triangular pygidial outline, and the development of the anterolateral 
glabellar lobes is more like that of most Conophrys spp. Tremadoc species of Conophrys have a 
macropleural segment, for example the type species C. salopiensis (Fortey & Rushton 1980: figs 
16, 17). Its loss in the Arenig may not be important. It is possible that the presence of bacculae 
may prove a more reliable character to distinguish Shumardia (Shumardia) which this species 
shares with S. (S.) granulosa and S. (S.) gadwensis, but there are many shumardiids described 
which are too imperfect to be sure of this detail. A Conophrys of similar age is S. (C.) minaretta 
Fortey from the Arenig of Spitsbergen (Fortey 1980: pl. 3, figs 1-10); it has an acute front of the 
glabella, wide cephalic axial furrows, and the pygidial axis, apart from having the usual, 
relatively narrow proportions of Conophrys, also has five axial rings. 


Genus LEIOSHUMARDIA Whittington 1965 


TYPE SPECIES. Leioshumardia minima Whittington 1965, by original designation. 


Leioshumardia sp. A 
(Fig. 181) 


MATERIAL. Cranidium, It.19583 


OCCURRENCE. Arbont, in mudstones with Shumardia (Shumardia) gadwensis, near top of local 
section. See Fortey & Owens, 1978: fig. 3, loc.17A. 


STRATIGRAPHICAL RANGE. Middle Arenig (Whitlandian), biozone uncertain, possibly G. gibbsii. 


DiscussioN. Leioshumardia has hitherto been known only from the type species, itself represent- 
ed by two cranidia. Our single specimen is clearly a different species, but cannot be named 
formally. Its occurrence in south Wales is nonetheless of interest in showing how off-shelf 
genera may be widely distributed as early as the Arenig. We have already noted similar species 
of Shumardia (Shumardia) and H ypermecaspis in eastern North America and south Wales. The 
Welsh specimen differs from the type species in having a triangular, rather than barrel-shaped 
glabella, and a weakly defined occipital furrow. The glabella terminates at a point close to, but 
inside, the cranidial margin, as it does on L. minima. There is a superficial similarity between L. 
sp. A and Clelandia, especially C. reliqua Rushton & Tripp 1979. The sutures on Clelandia are 
not marginal as they are in Leioshumardia, and the structure of the cranidial posterior border is 
of the usual ptychoparioid type. On both characters the Arenig species is like Leioshumardia 
and unlike Clelandia. 


Family REMOPLEURIDIDAE Hawle & Corda 1847 


Genus GIRVANOPYGE Kobayashi 1960 


1961a Cremastoglottos Whittard: 187 
1976 Gamops Šnajdr: 232 
1983 Nanlingia Wei & Zhou: 217. 


TYPE SPECIES. Lichapyge? problematica Reed 1906, by original designation. 


Discussion. The peculiar genus Cremastoglottos was described from the Hope Shales on the 
basis of cranidia only (Whittard 1961a). A year previously Kobayashi had proposed Girra- 
nopyge for some pygidia from the Whitehouse Beds of Girvan figured by Reed (1906). There 
was no way of knowing that these pygidia belonged to the same genus of trilobites as the 
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Cremastoglottos cranidia until Marek (1977) described a complete specimen from Bohemia. The 
cranidium and pygidium are both so distinctive that there is no doubt that Cremastoglottos is a 
junior synonym of Girvanopyge. Fortey (1981) proposed that Girvanopyge (there called 
Cremastoglottos) was allied with the remopleuridids rather than the ellipsotaphrids, and this 
family placing is adopted here. Marek (1977) noted that the genus Gamops Snajdr 1976 was 
congeneric with Cremastoglottos, with which we concur. Finally, Wei & Zhou (1983) described 
Nanlingia from pygidia only from a cyclopygid biofacies in east China, but without mentioning 
any of the foregoing. This is a Girvanopyge species, closely similar to the type species. An 
additional species ascribed to Cremastoglottos was proposed by Hórbinger & Vanék (1983), 
who recognized Lichapyge? problematica Reed 1906 as a probable Cremastoglottos, but without 
mentioning Kobayashi's genus, of which they may have been unaware. Additionally, a speci- 
men from Germany attributed to Cyclopyge by Jentsch & Stein (1961) may prove referable to 
Girvanopyge. 

Now that the somewhat lengthy synonymy has been recognised it is clear that Girvanopyge is 
another widespread, circum-Gondwanan genus confined to the cyclopygid biofacies appropri- 
ate to its pelagic habits (Fortey 1981: 609). Like many of the cyclopygid genera, it ranges from 
Arenig to Ashgill with apparently little change. 


SPECIES INCLUDED. G. problematica (Reed 1906), G. occipitalis (Whittard 1961a), G. aff. occipitalis 
(Marek 1977), G. mrazeki (Snajdr 1976), G. caudata (Wei & Zhou 1983), G. barrandei (Hórbinger 
& Vanék 1983) and G. sp. indet. (below). 


Girvanopyge sp. indet. 
(Figs 21a—c) 


STRATIGRAPHICAL RANGE. Upper Arenig, Fennian, biozones of Bergamia rushtoni and Dionide 
levigena. 


LocarrrIES. Pontyfenni Formation type locality, and Llwyn-crwn, loc. 24. Llanfallteg Forma- 
tion, type section, 18 m below Arenig-Llanvirn boundary. 


MATERIAL. Pygidia: 1t.19592-3, NMW 84.17G.120; incomplete cranidia: NM W 84.12G.41a, b, 
1t.19594; thoracic segment: It.19595. 


DiscussioN. The poor material of this species is enough to show that it is a new species of 
Girvanopyge, but not adequate to name it. The cranidia are not complete, but clearly show the 
course of the axial furrow as interpreted by Fortey (1981), with a sharp outward bend in front 
of the occipital region. Of the two pygidia the smaller example (Fig. 21c) retains one spinose 
thoracic segment, as do several of the pygidia figured by previous authors (e.g. Wei & Zhou 
1983: pl. 72, fig. 9). This specimen is from the Llanfallteg Formation; the posterior pygidial 


Fig. 21 Girvanopyge sp. indet. a, latex cast of pygidium showing median acumination, Upper Arenig, 
Fennian (B. rushtoni Biozone), loc. 24, x 31, 1t.19592; b, incomplete, crushed cranidium, horizon as 
last, loc. 23, x 6, NMW 84.12G A41; c, flattened pygidium and one segment, oblique illumination, D. 
levigena Biozone, Llanfallteg Formation, loc. 52P, x 3,1t.19595. 
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margin appears to be evenly rounded about the mid-line. Two stratigraphically earlier pygidia 
from the Pontyfenni Formation are better preserved and on these specimens the border is 
distinctly acuminate, a feature which distinguishes it from all the other Girvanopyge species 
listed above. There is some doubt whether the Pontyfenni and Llanfallteg specimens are con- 
specific, or whether the difference in the pygidial border is a reflection of a difference in 
preservation. However, both differ from other Girvanopyge spp. in having weakly-defined 
pleural and interpleural furrows which are only present adaxially; on all the later species the 
pleural and interpleural furrows are equally well developed, and are directed backwards almost 
to the pygidial margin. The short, triangular pygidial axis and postaxial ridge on Girvanopyge 
sp. indet. are still distinctive enough to place the generic assignment on a firm basis. A spinose 
thoracic segment from the Pontyfenni Formation is unlike that of any cyclopygid, and is 
probably one of the posterior segments of Girvanopyge sp. indet. (cf. Marek, 1977). 


Family BOHEMILLIDAE Barrande 1872 
Genus BOHEMILLA Barrande 1872 


TYPE SPECIES. Bohemilla stupenda Barrande 1872. 


Subgenus FENNIOPS nov. 
TYPE SPECIES. Bohemilla (Fenniops) sabulon sp. nov. 


DIAGNOSIS. Subgenus of Bohemilla with small palpebral lobes, symmetrically disposed about the 
3P glabellar furrows; wide (tr.) frontal glabellar lobe, equal in width to occipital ring; post- 
ocular fixed cheeks wider (tr.) than in Bohemilla (Bohemilla). 


NAME. After the Afon Fenni, near Whitland. 


DisCUSSION. Species which have been attributed to Bohemilla fall into two morphological 
groups, one of which is recognized here as the new subgenus Fenniops. The type species of 
Bohemilla (Bohemilla), B. stupenda Barrande, has been revised by Whittard (1952) and Marek 
(1966). The front of the glabella contracts in width in front of the 2P glabellar furrows, 
coincident with the large palpebral lobes that lie alongside the forward part of the glabella; 
glabellar furrows are long (tr.), median glabellar lobe less than one-third glabellar width. The 
relict postocular fixed cheeks are very narrow (tr.), and widen forwards only slightly. Other 
Bohemilla species are very similar in cephalic construction: B. scotica Reed 1914, B. pragensis 
Marek 1966 and B. tridens Rushton & Hughes 1981. A second group of species ('Gen. indet.” of 
Whittard, 1952) has shorter palpebral lobes, and a broad frontal glabellar lobe gently rounded 
about the mid-line. The postocular fixed cheeks are relatively wide (tr.) behind the eyes in this 
group. This is the basis of the new subgenus Fenniops. As well as the type species, which is new, 
two species are included: B. praecedens Kloucek 1916 and B. klouceki Marek 1966. 

The structure of Fenniops is presumed to be the more primitive, because the wider fixed 
cheeks are more comparable with those of other ptychoparioid trilobites, and the occipital ring 
and glabellar furrows are not as specialized as they are in Bohemilla (Bohemilla). We believe 
subgeneric status for Fenniops is appropriate, because the Bohemilla and Fenniops morphol- 
ogies have overlapping stratigraphical ranges, and do not intergrade. Bohemilla (Bohemilla) 
extends from the Llanvirn to the Ashgill, Bohemilla (Fenniops) from the Arenig to the Llandeilo. 
However, their shared peculiarities are such that they surely have a common ancestor, which 
subgeneric classification implies. The earlier members of both B. (Bohemilla) (Rushton & 
Hughes 1981: pl. 5, fig. 16) and B. (Fenniops) (Fig. 22d herein) have a cranidial anterior border, 
and short thoracic pleurae. 

B. (Fenniops) sabulon is the oldest described bohemillid (although A. W. A. Rushton informs 
us that he has a still earlier example from the Late Tremadoc), and its glabellar structure is 
likely to be primitive for the group. It certainly lacks the peculiarities of B. (B.) stupenda, which 
had suggested to Fortey (1974) that Bohemilla might be related to Opipeuter, a view he subse- 
quently rejected (Fortey 1981). Marek (1966), Fortey (1974) and Rushton & Hughes (1981) all 
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accepted Bohemilla as a remopleuridacean. The glabella of B. (Fenniops) sabulon is consistent 
with this interpretation because it shows a bulge in width in front of the occipital ring, a typical 
remopleuridacean feature. The free cheek of B. (Fenniops) klouceki is very like that of some 
kainellids (e.g. Pseudokainella keideli; see Harrington & Leanza, 1957). On the other hand 
Fortey (1981) regarded the glabellar furrows of Psilacella and Bohemilla as homologous, and 
hence both ellipsotaphrines and Bohemilla as derived from a common ptychoparioid ancestor. 
We have suggested below (p. 187) a different interpretation of the glabellar furrows of ellip- 
sotaphrines, one which would allow them to be included within the Cyclopygidae (from which 
they were excluded by Fortey, 1981). There is no feature of Bohemilla which indicates that it 
should be included within the Cyclopygacea. Deciding the affinities of these specialized pelagic 
trilobites is particularly difficult in the absence of stratigraphical and morphological interme- 
diates connecting them with known groups, and much depends on the interpretation of features 
which may have been profoundly modified in response to this mode of life. However, this 
probably does not apply to the mid-glabellar bulge on Bohemilla (Fenniops) sabulon, and taken 
with the form of the free cheek, the spinose pygidium and the narrow anterior cranidial border, 
this tends to favour a remopleuridacean origin for Bohemilla. The early species also shows a 
small interocular cheek (Fig. 22g), a character present on many early Apatokephalus-like remo- 
pleuridids. 

If Bohemilla is a remopleuridacean its origin is presumably independent of that of Opipeuter 
Fortey 1974 and Girvanopyge Kobayashi 1960 (= Cremastoglottos Whittard 1961a), two more 
extraordinary pelagic trilobites with supposed remopleuridacean origins (Fortey 1981). Pelagic 
morphology arose on five different occasions in the Ordovician; our view on how this may 
have happened is summarized in Fig. 62 (p. 188), a modification of Fortey, 1981: text-fig. 4. 


Bohemilla (Fenniops) sabulon sp. nov. 
(Figs 22a-g, 23) 


HOLOTYPE. Cranidium, with three thoracic segments detached, It.15939. Fig. 22b, c. 


PARATYPES. Cranidium and partial thorax, 1t.15940; cranidia: 1t.15942-5; incomplete exoskele- 
ton NMW 84.12G.31. 


TYPE LOCALITY. Type section of Pontyfenni Formation, loc. 23. 


STRATIGRAPHICAL RANGE. Found only at the type locality; upper Arenig, Fennian, biozone of 
Bergamia rushtoni. 


NAME. Sabulon is a farm near the type locality. 


DiaGnosis. Bohemilla (Fenniops) with palpebral lobes about same length as occipital ring; 
distinct cranidial anterior border. Back margin of postocular fixed cheek subtends an angle of 
40°—50° to sagittal line. 


DESCRIPTION. Cranidia which are preserved in relief have a rather gentle transverse convexity; 
the fixed cheeks are disposed horizontally, while the palpebral lobes are elevated. Glabella 
excluding occipital ring of length equal to width between anterolateral corners; occipital ring 
about one-quarter length of preoccipital glabella. Course of axial furrows is sinuous: occipital 
ring tapers forwards, glabella then expands in width past 1P lobe to a maximum at 2P, tapers 
again past 3P lobe as far as 3P furrow, finally expanding in width once more towards the 
anterolateral corners of the glabella. The line connecting the anterolateral corner of the glabella 
with the posterolateral edge of the occipital ring is parallel to the sagittal line, and tangential to 
the median glabellar ‘bulge’. The occipital furrow is narrow, curved rather evenly backwards, 
very slightly shallower medially. Glabellar furrows narrow, slit-like, extending one-third of the 
way across the glabellar. 1P curves a little forwards and inwards and has a hooked inner end; 
2P is transverse. This makes the 1P lobe wider (exsag.) inwards, while the 2P lobe is widest at its 
outer end. The 3P furrow is only half as long as the other two, and slopes slightly backwards. 
Frontal lobe of the glabella, that area in front of the 3P glabellar furrows, is twice as wide (tr.) 
as long (sag.), and slopes down peripherally into a very narrow but sharply defined preglabellar 
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Fig. 22 Bohemilla (Fenniops) sabulon subgen. et sp. nov. Upper Arenig, Fennian, Bergamia rushtoni 
Biozone, loc. 23. a, incomplete cranidium and three thoracic segments, x 6, It.15940; b, c, holotype 
part and counterpart, showing thoracic pleurae, x 6, It.15939; d, cranidium, showing border well, 
1t.15945, x 6; e, f, g, incomplete exoskeleton, NMW 84.12G.31; e, x 4; f, latex cast from pygidium 
under high contrast illumination, showing displaced seventh thoracic segment, x 12; g, detail of 
glabella, x 8. 


furrow. The specimen shown in Fig. 22d has a slight median dimple. Anterior cranidial border 
narrow, rim-like, distinctly wider at mid-line. It just curves around the anterolateral corner of 
the glabella. narrowing into a ‘gutter’ running to the palpebral lobe. The occipital ring carries a 
sagittal ridge which extends into a tiny tubercle at the posterior margin; the specimen in Fig. 
22d shows a pair of posterior tubercles developed in a position comparable with the occipital 
spines of B. (Bohemilla) tridens Rushton & Hughes 1981. Palpebral lobe gently curved, sited 
adjacent to the glabella and symmetrically disposed about the 3P glabellar furrow; a faint, 
narrow rim is defined, outlining a crescentic interocular area. The palpebral lobe has a length 
(exsag.) slightly less than that of the occipital ring. Flat, triangular postocular cheek with 
maximum transverse width between 0-3 and 0:45 of that of adjacent glabella. Posterior margin 
inclined forwards at an angle between 40? and 50? to sagittal line. Narrow, bevelled posterior 
border, defined by shallow furrow. Suture runs inwards and forwards from lateral tip of fixed 
cheek to palpebral lobe, in front of which it follows the ‘gutter’ to curve round the front margin 
of the cranidium. Cranidial surface probably minutely granulose. We have not found the free 
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Fig. 23 Provisional reconstruction of Bohemilla 
(Fenniops) sabulon subgen. et sp. nov. It is based 
on the assumption that NMW 84.12G.31 shows 
the full complement of thoracic segments, and 
that the free cheek was like that of B. (Fenniops) 
klouceki and other bohemillids. 


cheek. Thoracic segments had minute triangular pleurae (Fig. 22c) like those figured by 
Rushton & Hughes (1981) on B. tridens, with prominent articulating boss adjacent to the axial 
furrows. Structure of axial rings much like that of occipital ring, with sagittal ridge and faint 
indication of a pair of tubercles along posterior margin. The most complete specimen (Fig. 22e) 
shows seven thoracic segments, but the pygidium is detached from the thorax and it is possible 
that there were additional segments; if this were so it is likely that there would be traces of 
them on the same bedding plane, since the specimen is otherwise articulated. We have used the 
seven thoracic segments in our tentative reconstruction, Fig. 23. The pygidium, the first associ- 
ated with a bohemillid, is not well preserved, but shows a short axis without rings, and clearly a 
pair of long posterior border spines; there was probably a second, shorter pair outside these 
but they are not so clearly shown. This suggests a pygidial structure comparable with a 
remopleuridid such as Robergiella. 


DISCUSSION. The two species of B. (Fenniops) which require discussion are both from the 
Bohemian Ordovician: B. (Fenniops) praecedens Kloucek from the Llanvirn and B. (Fenniops) 
klouceki Marek from the Llandeilo. Both have been revised by Marek (1966). Whittard (1952: 
pl. 33, figs 13-16) illustrated four cranidia under open nomenclature, which Marek subse- 
quently referred to B. (Fenniops) klouceki. B. (Fenniops) praecedens is quite coarsely tuberculate, 
especially at the inner ends of the glabellar furrows. The glabella expands forwards such that 
the frontal lobe is the widest part. B. (Fenniops) sabulon is more similar to B. (Fenniops) 
klouceki. The median glabellar expansion is more developed on the latter, such that the width 
of the glabella behind the palpebral lobes exceeds that across the frontal glabellar lobe. The 
cranidial anterior border of klouceki has apparently become incorporated within the frontal 
glabellar lobe: Marek (1966: 150) records a 'shallow inframarginal furrow' which may corre- 
spond with the preglabellar furrow on sabulon. Three specimens figured by Marek (1966: pl. 1, 
fig. 7; pl. 2, figs 3, 8) show that the palpebral lobes on klouceki are slightly longer than the 
occipital ring, and hence larger than on sabulon. The Ip glabellar furrow on klouceki is much 
more hooked at its inner end. Two, perhaps three, of Whittard's cranidia show the Ip furrows 
united across the glabella. This may be an artefact of preservation, as his figs 13, 14 show 
obvious crushing, but if so it is puzzling that the 2p furrows are not so conjoined. In any case, 
the glabellar shape of Whittard's figs 13-15 is more like that of klouceki than like sabulon. 


Family ASAPHIDAE Burmeister 1843 


Fortey & Owens (1978: 260) discussed in detail the classification and differentiation of certain 
Arenig and related asaphids, and demonstrated a succession of Merlinia species in the Moridu- 
nian. Previously it had been assumed that most British Arenig asaphids belonged to ‘Ogygia’ or 
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'Ogygiocaris selwynii; this assumption dates from a statement by Thomas (in Strahan et al. 
1907: 7) that ‘specimens of O. marginata have since been submitted to Mr P. Lake, who 
compared them with Salter’s types of hybridus from Henllan Amgoed. He is of the opinion that 
O. marginata and A. hybridus are identical, but that both must be referred to O. selwynii Salt». 
Whittard (1964: 232) upheld this synonymy. Such an assessment was perfectly reasonable, given 
the indifferent preservation of the types of hybridus and of much of the material from other 
localities (only recently has our collecting afforded well-preserved specimens). However, it has 
led to the erroneous correlation in particular of Arenig arenaceous deposits such as those 
described herein as the Ogof Hén, Abercastle and Blaencediw formations. The correct determi- 
nation of the asaphids is critical to a proper understanding of the stratigraphy. 

It is possible to identify three successive asaphid faunas in the Arenig of south Wales. 
Merlinia characterizes the Moridunian (see Fortey & Owens 1978), Ogyginus and Bohemopyge 
the Whitlandian and Asaphellus the Fennian. It should be noted that in other areas these 
genera are found outside these ranges. For instance Merlinia major (Salter 1866a) ranges 
throughout the Mytton Flags Formation in the Shelve inlier, which presumably incorporates 
strata of Moridunian, Whitlandian and Fennian age (see also p. 98). Elsewhere in Britain 
Merlinia has also been recorded from the Llanvirn of the Great Paxton borehole, Cambridge- 
shire (Rushton & Hughes 1981). Ogyginus is unknown from the British Fennian, but is common 
in the succeeding Llanvirn and Llandeilo (Whittard 1964, Hughes 1979), and Asaphellus occurs 
also in the Tremadoc. 


Subfamily ISOTELINAE Angelin 1854 


Genus ASAPHELLUS Callaway 1877 
(Synonyms: Asaphelloides Kobayashi 1937; Asaphoon Hutchison & Ingham 1967; Hemigyraspis 
Raymond 1910; Megalaspidella Kobayashi 1937; Plesiomegalaspis Thoral 1946). 


TYPE SPECIES. Asaphus homfrayi Salter 1866, by original designation. 


DIAGNOSIS. Subisopygous asaphids with flat to slightly concave cephalic and pygidial borders. 
Glabella subparallel sided, or with slight constriction at level of eyes; axial furrows often 
effaced but frontal glabellar lobe always clearly demarcated from border. Eyes small to 
medium-sized at, or slightly in advance of, cephalic mid-length. Preocular facial sutures sub- 
parallel and close to glabella, curving strongly adaxially near cephalic margin to meet at 
mid-line at highly obtuse point; postocular sutures strongly divergent and distally curving 
strongly backwards and becoming slightly recurved before cutting posterior cephalic margin. 
Hypostoma with elongate (sag.) oval outline, medially rounded, slightly concave or with small 
point. Pygidial axis well defined; pleural fields smooth to moderately furrowed, and up to eight 
pairs of ribs. Inner margin of pygidial doublure subparallel to pygidial margin. 


REMARKS. Arenig and Llanvirn asaphid species sharing the characters listed above have been 
placed in several different genera, in part because it has been fashionable to consider Asaphellus 
as a "Tremadoc' genus and most of the others as ‘Arenig’. We believe that such a division is 
artificial, and when compared one with the other, the features by which they have been 
discriminated (e.g. size and position of eye, degree of taper of glabella, whether the posterior 
margin of the hypostoma is weakly concave or slightly pointed, definition of pygidial pleural 
ribs) can hardly be considered of higher than specific rank. We therefore follow the similar 
arguments of Pillet et al. (in Courtessole et al. 1985: 39) in placing such species in Asaphellus, 
and regarding the other names (listed above) as subjective synonyms. Asaphoon was based upon 
four tiny specimens which we think are likely to be meraspides or small holaspides of 
Asaphellus. 
Asaphellus whittardi (Bates 1969) 
(Figs 24a-h) 
1914  Ogygia sp.; Cantrill in Strahan et al.: 15. 
1964  Ogygiocaris murchisoniae (Murchison); Whittard: 238 (pars); pl. 37, figs 12, 13; pl. 38, figs 1—4 [non 
pl. 38, figs 5-11, = Merlinia murchisoniae]. 
1969  Megalaspidella(?) whittardi Bates: 20, 22. 
1978  Megalaspidella whittardi Bates; Fortey & Owens: 280. 
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HoLorvPr. BGS GSM85363, internal mould of cranidium (Whittard 1964: pl. 38, fig. 3). 


TvPE HORIZON AND LOCALITY. Fennian, D. hirundo Biozone, Tankerville Flags Formation; 
Bergam Quarry, Shelve inlier, Shropshire. 


MATERIAL. Numerous specimens have been recovered from the type locality (see Whittard 
1964: 240); in south Wales the following material is known. From Fennian, S. abyfrons 
Biozone, Cwmfelin Boeth Formation: BGS TCC928/929, incomplete cephalon with seven 
attached thoracic segments from Survey loc. Carm. 37SW E46, Whitland Abbey; cranidia 
1t.18910, 1t.18911, free cheek It.18912, pygidia It.18913-15, NMW 84.17G.1a, b, 2a, b, all from 
locality 36, Cwmfelin Boeth. From presumed early Fennian: cranidium It.18916, from locality 
20E, Capel-Dewi. 


DiAGNOSIS. Asaphellus with moderately inflated glabella, weakly laterally constricted with four 
pairs of weakly impressed furrows; thoracic and pygidial axes well defined, the latter with 10 
rings; pygidial pleurae with 6-7 pairs of well-defined ribs; interpleural furrows weak and 
shallow; broad, concave pygidial border. 


DESCRIPTION. Glabella, including occipital ring, ranges from about 0-8 times as wide as long on 
large specimens to 0-6 times on smaller ones. From the posterolateral corners it first widens 
slightly to achieve its greatest posterior width at about half the distance to the posterior end of 
the palpebral lobe. It then narrows as far as a point opposite the posterior end of the palpebral 
lobe and then widens again to achieve its greatest anterior width (tr.), which is about the same 
as its greatest posterior width, just anterior to 3P furrows. A small sagittal tubercle is present 
opposite 1P lobes. In sagittal profile it is almost flat, the frontal lobe curving down gently and 
merging insensibly with the weakly concave preglabellar area, which is 0-15 times length (sag.) 
of glabella on large specimens, 0-25 on smaller ones. In transverse profile it is gently and evenly 
curved. Four pairs of weakly impressed muscle areas: 1P originates close to the axial furrow 
opposite anterior end of palpebral lobe, and directed obliquely forwards; 2P subparallel, a 
short distance behind 1P; 3P and 4P close together and of similar length and depth, opposite 
posterior part of palpebral lobe and directed nearly transversely. Lateral parts of occipital 
furrow indicated by weak, transversely elongated depressions similar to 3P and 4P and directed 
weakly obliquely backwards. Axial furrow shallow, deepest at its posterior extremity and in the 
stretch opposite the palpebral lobe. 

Palpebral lobe ranges from being 0:2-0:3 of length (sag.) of glabella plus occipital ring on 
small specimens to 0-12 on large ones, its outer margin elevated almost to height of sagittal 
region of glabella. Eye apparently narrow and crescentic. Preocular sutures more or less paral- 
lel, converging opposite frontal lobe of glabella in an even curve, meeting to form an obtuse 
point sagittally. Preocular section of fixed cheek markedly narrower than preglabellar area. 
Postocular suture defines a broad, subtriangular cheek. Pleuroccipital furrow wide and deep, 
defining narrow posterior border. Genal spine broad-based, with a broad, shallow median 
furrow which runs into a very weak lateral border furrow, which like preglabellar furrow is 
indicated only by a change of slope. Cephalic doublure broad, extending inwards almost as far 
as outer edge of eye, with fine, subparallel terrace lines (Fig. 24b; Whittard 1964: pl. 38, fig. 2). 
Reduced in breadth at hypostomal suture. Hypostoma unknown. 

Thorax with eight segments, axis narrow, well defined and scarcely narrowing backwards. 
Pleurae with rather shallow, oblique pleural furrows which are terminated laterally beyond the 
fulcrum by the posterior edge of the facet. Ends of pleurae falcate. Whittard (1964: 240) noted a 
panderian protuberance, succeeded posteriorly by an apparent panderian opening, on each 
pleura (Whittard 1964: pl. 38, fig. 4). 

Pygidium subparabolic. Axis long, narrow, well defined and tapering evenly backwards and 
terminating at the inner edge of the border. Ten rings present, separated by broad ring furrows 
that deepen laterally, producing the effect of paired furrows. Pleural areas gently convex with 
six or seven pairs of ribs with deep pleural furrows, the depth accentuated on internal moulds; 
ribs flat-topped, with weak interpleural furrows extending along their length. Both pleural and 
interpleural furrows terminate at inner edge of border. Border concave and broad, rising steeply 
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Fig. 24 Asaphellus whittardi (Bates 1969). Upper Arenig, Fennian Stage, S. abyfrons Biozone. a, 
cranidium, internal mould, x 2, 1t.18916, loc. 20E, Capel-Dewi; b, incomplete cephalon with seven 
attached thoracic segments, x 1:5, BGS TCC928, Cwmfelin Boeth Formation, Whitland Abbey. 
c-h, Cwmfelin Boeth Formation, loc. 36, Cwmfelin Boeth: c, cranidium, internal mould, x 1-25, 
1t.18910; d, free cheek, latex cast of external mould, x 2, It.18912; e, incomplete pygidium, internal 
mould, x 1-5, 1t.18913; f, incomplete cranidium, internal mould, x 2, It.18911; g, incomplete 


pygidial doublure, internal mould, x 1-5, It.18914; h, incomplete pygidium, internal mould, x 2:5, 
[t.18915. 
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up towards pleural lobes. Pygidial doublure broad, ventrally convex, well seen on a fragmen- 
tary specimen from Cwmfelin Boeth (Fig. 24g). 


REMARKS. Whittard (1964: 238) conflated A. whittardi with the Moridunian species Merlinia 
murchisoniae, but Bates (1969: 20) demonstrated the distinctness of Whittard's Tankerville 
Flags material. We have identified this species in the basal Fennian in the Whitland and 
Carmarthen areas and the description above includes both these and the Shelve specimens. The 
presence of A. whittardi in the early Fennian implies that the Tankerville Flags may be of early 
Fennian age. It is one of the few Tankerville species so far identified in south Wales; others 
such as Pricyclopyge binodosa eurycephala are longer-ranging. 

A. whittardi is distinctive among Asaphellus species in having well-defined pygidial axial rings 
and pleural furrows. In overall morphology it closely resembles A. graffi (Thoral 1946), type 
species of Megalaspis (Plesiomegalaspis) from the ‘lower middle Arenig’ of Cabriéres, Montagne 
Noire, but the latter differs in having a less inflated glabella, the eye proportionately further 
from the lateral margin, a longer preglabellar area, a broader pygidial axis and ill-defined axial 
rings and pleural ribs (except in small specimens). Thoral recognized several varieties of graffi as 
well as other asaphid species from the same locality. The name graffi was applied to large 
specimens in which the pygidial pleural furrows are more or less effaced; ‘varieties’ such as lata 
and major we suspect to be intraspecific variants. Plesiomegalaspis? convexilimbata Thoral 
(1946: 72; pl. 9, fig. 3; pl. 13, fig. 2; pl. 15, fig. 6) and P. angustirhachis Thoral (1946: 71; pl. 16, 
fig. 2) are based upon smaller specimens with better-defined pleural ribs; Megalaspis mucronata 
Thoral (1946: 56; pl. 7, fig. 2) and M. striatula Thoral (1946: 58; pl. 7, figs 3(?), 5) are based on 
even smaller ones. These appear to us simply immature A. graffi; Gigout (1951: 282; pl. 2, figs 
1-5) figured similar small specimens from the Arenig between Casablanca and Mazagan (El 
Jadida), Morocco, as Plesiomegalaspis graffi. In none of these are the pygidial axial rings and 
pleural ribs as well defined as in A. whittardi, but a pygidium figured by Thoral (1946: 89; pl. 
15, fig. 2) as Ogygiocaris? inflexicostata is very similar, differing only in having a narrower 
border, relatively broader pleural areas and more (9) pygidial pleural ribs; if not conspecific it 
must be very closely related. 

A new Asaphellus species discovered recently in sandstones of possible Whitlandian age in 
the Bangor area by A. Beckly (personal communication 1984) is clearly distinct from A. whit- 
tardi, although it generally resembles A. graffi. A further Asaphellus has been recovered from 
siltstones of controversial (Tremadoc or Arenig) age near Carmarthen (Cope et al. 1978: 196; 
Owens & Fortey 1982: 253). This specimen (NMW 78.1G.1) is also similar to A. graffi, but has 
a smaller eye and prominent terrace lines on the thoracic axis; the pygidium is unknown. 

Asaphellus lugneensis Pillet, Courtessole & Vizcaino (in Courtessole et al. 1985: pl. 4, figs 
1-12; pl. 5, figs 1-8) from the Arenig Grés du Foulon Formation, Montagne Noire, is also 
similar to A. whittardi, but is distinguished by its shorter (sag.) preglabellar field, more distinct 
lateral border furrow and more effaced pygidial axial rings and pleural ribs. 


Subfamily NIOBINAE Jaanusson 1959 
Genus BOHEMOPYGE Přibyl 1950 
TYPE SPECIES. Ogygia discreta Barrande 1872, by monotypy. 


DIAGNOSIS. Niobine asaphids which may attain a large size. Differing from Niobella in relatively 
narrow cephalic and pygidial axis, broader preglabellar field, and wider (tr.) postocular cheeks. 
Differing from Gog in having almost triangular to transverse pygidium with relatively well 
defined border, and without scalloped inner edge of pygidial doublure. Differing from Niobina 
in having a notched hypostoma. 


DiscussioN. Bohemopyge was hitherto known from B. discreta from the Llanvirn of Bohemia. It 
is one of a group of early Ordovician niobines differing from Ogygiocaris and Ogygiocarella in 
having a well-defined occipital ring. As the diagnosis indicates, it is very close to the Tremadoc 
genus Niobina, and the only important difference relates to the unforked hypostoma of the 


136 R. A. FORTEY & R. M. OWENS 


latter, a primitive character of general occurrence in early asaphids. The relatively complete 
development of interpleural furrows on Niobina davidis is scarcely a generic character. Jaanus- 
son (in Harrington et al. 1959: O350) states that the pygidium of Bohemopyge lacks a border. 
This is a puzzling assertion, because the original of Barrande (1872: pl. 7, fig. 23) clearly shows 
one, as does the specimen of Novák & Perner (1918: pl. 3, figs 1, 2; re-illustrated by Horny & 
Bastl, 1970: pl. 5, fig. 6). Presumably the statement was based on Perner's drawing which does 
not well represent the border. The known material of B. discreta is all small; assigning B. 
scutatrix (Salter) to the genus means that some large trilobites are included, and some of the 
differences they show from B. discreta may be ontogenetic. Short genal spines are present on B. 
discreta, being absent from B. scutatrix, but it is possible that they were reduced later in 
ontogeny. In any case, the presence or absence of genal spines is not considered a generic 
character. When undistorted, large pygidia of B. scutatrix have a triangular outline, which is 
different from the posteriorly truncate to gently rounded outline of Niobella. The cephalon of B. 
scutatrix is very like that of the type species of Gog, G. catillus Fortey 1975 from the Arenig of 
Spitsbergen, but the pygidium of that genus has a distinctively scalloped dorsal surface along 
the paradoublural line which might indicate its closest relatives are to be found in Ogygiocaris 
rather than Bohemopyge or Niobina. Pribyl & Vanék (1980) erected a genus Araiocaris based 
on Ogygiocaris araiorhachis Harrington & Leanza 1957 from the Arenig of Argentina. This 
form is also similar to Bohemopyge; it has more segments in the pygidial axis and the occipital 
structure may be more like that of Ogygiocaris. Přibyl & Vaněk considered differences from 
Ogygiocaris in their original discussion, but did not discriminate Araiocaris from Bohemopyge 
or any other asaphid. 

There are thus five trilobite generic names within this closely-knit group, which is more than 
the morphological variation really allows: Niobella, Niobina, Bohemopyge, Araiocaris and Gog. 
For the moment we retain Bohemopyge as the closest match for the Welsh species, while 
recording that it may be possible to include Bohemopyge within an enlarged concept of Niobina 
if one allows the same kind of hypostomal variation within this genus as in Niobe and Niobella. 


Bohemopyge scutatrix (Salter 1859) 
(Figs 25-28) 

1859  Ogygia peltata Salter in Murchison: 54 (nom. nud.). 

1859  Ogygia scutatrix Salter in Murchison: 52; Fossils (9) 1. 

1866a Ogygia peltata Salter; Salter: 135—136; pl. 17, figs 8-10. 
non 1866a Ogygia scutatrix Salter; Salter: 133-134; pl. 17, figs 11-13. 

1866b Ogygia peltata Salter; Salter in Ramsay; 313: pl. 12, fig. 8. 

1867 Ogygia peltata Salter; Salter: 177-178; pl. 25*, figs 1-4. 

1867 Ogygia bullina Salter: 178; pl. 25*, fig. 5. 

1875 Ogygia peltata Salt.; Hicks: 176. 

1928  Ogygia selwyni (Salter); Matley: 491. 

1931 Niobe (Niobe) peltata (Salter) Reed: 446. 

1946 Ogygia scutatrix Salter; Lake: 336. 

1964 Ogyginus peltatus (Salter) Whittard: 246. 

1984 Gog peltata (Salter); Fortey in Whittington et al.: 21. 


NOMENCLATURE. This species has usually been referred to Ogygia peltata Salter, 1866. However, 
Lake (1946) pointed out that the single specimen figured by Salter in 1859 as O. scutatrix, which 
is from Whitesand Bay, Dyfed, is the same as that subsequently used by Salter (1866a: pl. 17, 
fig. 8) as the type of O. peltata. In his text Salter (1866a: 133) definitely excluded the originals of 
his pl. 17, figs 9, 10 from his ‘peltata’ there, so there is little choice but to conclude that O. 
peltata is an objective synonym of O. scutatrix. Salter had evidently intended peltata to apply to 
the Arenig species from south Wales, and scutatrix to the Tremadoc species from north Wales, 
now known as Niobina davidis Lake, 1946. But we are obliged to follow the Rules of Zoological 
Nomenclature in using the name scutatrix. 


HororvPr. BGS GSM7618. Incomplete dorsal exoskeleton from the old slate quarry north of 
Whitesand Bay; Penmaen Dewi Formation, Whitlandian. Original of Salter, 1859. Fig. 25a. 


Fig. 28 Bohemopyge scutatrix (Salter 1859). Middle Arenig, Whitlandian (G. gibbsii Biozone), 
Penmaen Dewi Formation, slate quarry at Pwlluog, north of Whitesand Bay, St David's, Dyfed. a, 
holotype, imperfect dorsal exoskeleton, original of Salter, 1859, x 1, GSM 7618; b, small imperfect 
axial shield with dislocation of right side over thorax, type of Ogygia bullina Salter 1867, x 2, SM 
A16728; c, external mould of undistorted but flattened large pygidium and partial thorax, para- 
doublural line on left, x 2, SM A44344; d, small axial shield, flattened but otherwise undistorted, 


x 1, SM A44343a. 
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FIGURED MATERIAL. Dorsal exoskeletons and axial shields in varying degrees of completeness: 
BGS GSM7616; SM A16728-30, A33438, A44340, A44343-4; 1.14284; NMW 27.110.G251; 
hypostoma: BGS GSM12873; cranidium: NMW 27.110.G253. 


DIAGNOSIS. Bohemopyge with triangular pygidium on which interpleural furrows are present, 
but do not extend to axial furrows. 


Loca.itigs. This is a widespread guide fossil to Whitlandian rocks. Most of the specimens in 
Museum collections derive from the type locality, north of Whitesand Bay in the Penmaen 
Dewi Formation. In south Wales, it has also been recovered from the Whitland Abbey Member 
of the Colomendy Formation (loc. 27, NMW 84.17G.39), from the Rhyd Henllan Member of 
the Colomendy Formation (loc. 47A, NMW 84.17G.40) and from the equivalent of the Whit- 
land Abbey Member in the stream immediately west of Capel-Dewi, east of Carmarthen (loc. 
20F). In north Wales, it is confined to the Llŷn Peninsula, where it has been recovered from 
two localities: mudstones in east side of Nant-y-Gadwen, and mudstones and shales in the track 
south of Dwyrhos Farm, Aberdaron. 


STRATIGRAPHICAL RANGE. Whitlandian (M. Arenig), Zone of Gymnostomix gibbsii. 


DESCRIPTION. Salter's specimens from north of Whitesand Bay are large, flattened examples, 
with the indifferent preservation usual from that locality. Relatively well preserved specimens 
from north Wales are mostly smaller, some in relief, and such differences as there are from the 
type material can be attributed to the style of preservation. Whole exoskeletons are about 1-7 
times as long as wide, with the cephalon, thorax and pygidium of equal length (sag.). Convexity 
is low (sag., tr.), the whole axis gently convex with a gentle downward slope on the pleural 
regions. Cephalon 0-6 times as long as wide. Cranidium twice as wide at posterior margin as at 
palpebral lobes. Glabella (including occipital ring) up to twice as long as wide at mid-length, 
but often somewhat less. Glabellar shape is a little variable, which may be partly attributable to 
preservation. The least distorted example (Fig. 28b) is fusiform with a truncately rounded 
anterior lobe; axial furrows are subparallel, with a slight expansion in front of, and a slight 
taper before, the palpebral lobes. Axial furrows are well defined, except at the bacculae, where 
they almost disappear. Occipital ring invariably well defined by deep occipital furrow, which is 
somewhat backward-curved medially. Some examples (Fig. 27b) have a glabella which is more 
obviously truncate at the front. The holotype of Ogygia bullina Salter, 1867, has an apparently 
subcircular frontal glabellar lobe. This is a small, ill-preserved specimen, and the right fixed 
cheek (and the thoracic pleurae behind) has been displaced towards the axis, thereby obscuring 
the right posterior part of the glabella. It is this displacement which produces an apparently 
narrow axis and distorts the shape of the glabella. All other features are those of scutatrix, and 
we regard this specimen as an unusually preserved example of that species, and bullina as a 
subjective synonym of scutatrix. Glabellar furrows are obscure in available preservation but 
what can be seen on the best-preserved glabella (Fig. 28b) are of typical niobine pattern 
(compare Fortey 1975: pl. 2, fig. 1; Horny and Bastl 1970: pl. 5, fig. 6). Palpebral lobes close to 
glabella, anterior ends almost reaching axial furrow, small, only about one-sixth glabellar 
length. The transverse line connecting the anterior limits of the palpebral lobes is at cephalic 
mid-length. Sutures diverge at 80° to sag. line behind the eyes, and only curve backward at the 
outer one-third of the fixed cheeks to cut the posterior margin at a right angle. Anterior 
branches of facial sutures diverge at a lesser angle in front of the palpebral lobes (307-407) 
before curving round the anterior cranidial margin to meet on the mid-line in an obtuse point. 
The preglabellar field so defined is about one-sixth glabellar length, and is flat. The wide 
postocular cheeks are about the same width (tr.) as the occipital ring; posterior border widens 
(exsag.) laterally. 

Salter originally (1859, 1866a) inferred a genal spine on the free cheek; later (1867) he 
portrayed a rounded genal angle, which we believe is correct. No specimens are well enough 
preserved to show the eye. Doublure (Fig. 28a) very wide beneath the free cheek and narrowing 
around the preglabellar furrow as is usual in niobines, carrying about twelve terrace lines 
parallel to its margin. Some specimens (Fig. 27a) show the trace of the median sutures. One 


ARENIG IN SOUTH WALES 139 


Fig. 26 Bohemopyge scutatrix (Salter 1859). Middle Arenig, Whitlandian (G. gibbsii Biozone), 
Penmaen Dewi Formation, slate quarry at Pwlluog, north of Whitesand Bay, St David's, Dyfed. a, 
large, imperfect axial shield showing doublure on pygidium, x 1, GSM 7616; b, hypostoma, x 1, 
GSM 12873. 


quite well preserved hypostoma (Fig. 26b) is typical of niobines, being very like that of Niobe 
emarginula (Tjernvik 1956: pl. 4, fig. 15). The median notch is hardly developed, but it is certain 
that there was no median acumination as in Niobina. The apparently rather transverse attitude 
of the maculae may be an artefact of flattening. 

Neither the hypostome nor the dorsal exoskeletal surface shows consistent evidence of sculp- 
ture. Niobines frequently have fine exoskeletal lines and ridges, and their apparent absence on 
most specimens may be a matter of their lack of preservation in argillaceous rocks. One of the 
north Wales relief specimens has indications of such fine ridges (Fig. 28d). 

Thorax with axis only slightly tapering backwards, width less than that of pleurae. Salter 
abandoned a distinction between forms with relatively wide axis and those with a narrower axis 
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Fig. 27 Bohemopyge scutatrix (Salter 1859). Middle Arenig, Whitlandian (G. gibbsii Biozone), 
Penmaen Dewi Formation, slate quarry at Pwlluog, north of Whitesand Bay, St David's, Dyfed. a, 
external mould of imperfect dorsal exoskeleton, showing median suture and slightly truncate 
glabella, original of Salter 1867: pl. 25*, fig. 1 (as Ogygia peltata), x 2, SM A16729; b, glabella and 
part of thoracic axis, x 1, SM A33438. 


(allegedly female and male), recognizing the variability in this character. The largest specimens 
have axial width more closely approaching pleural width. Deep pleural furrows almost bisect 
the pleurae and run nearly to their tips. Tips of pleurae of anterior segment are bluntly 
rounded; posterior segments acquire short but distinct spines. 

Pygidium when undistorted always has a distinctly triangular outline, but a little transverse 
extension will destroy this (Fig. 28a). Pygidial length/width ratios fall in the range 0-51 to 0-75 
for less distorted material; the smallest ratio belongs to the largest specimen. The narrow axis 
always occupies less than one-third, and on some specimens less than one-quarter anterior 
pygidial width, and continues gentle backwards thoracic taper to rounded tip at 0-8 of pygidial 
length. Eight axial rings are discernible, occasionally a faint ninth, and the less flattened 
material shows that the terminal piece was distinctly elevated above the border. Eight pairs of 
pleural furrows, with a short ninth pair adjacent to the terminal piece, deep and narrow and 
running to border. Interpleural furrows are much weaker, and correspond to the outer parts of 
the pleural furrows only; on some flattened specimens they may be almost obliterated. Trans- 
verse extension (Fig. 28a) tends to overdeepen them. Border not sharply defined, especially 
laterally, and may have been gently sloping behind the axis rather than horizontal. Doublure of 
slightly less width than that of pygidial axis, concave inner margin over which tips of pleural 
furrows pass, and with about 12 terrace lines. Axial half rings appear to increase in length 
progressively (sag.) forwards from pygidial half ring. 
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Fig. 28 Bohemopyge scutatrix (Salter 1859). Middle Arenig, Whitlandian. a, small exoskeleton in 
partial relief, slightly extended transversely, which exaggerates pygidial interpeural furrows and 
increases resemblance to Niobina, Nant-y-Gadwen, Llanfaelrhys, Aberdaron, Llŷn, north Wales, 
Whitlandian mudstones, probably G. gibbsii Biozone, x 1, NMW 27.110.G251; b, well-preserved 
incomplete cranidium in relief, same locality, x 2, NMW 27.110.G253; c, small incomplete dorsal 
exoskeleton, in relief, showing slightly acuminate pygidial margin, mudstones below Dwyrhos Farm, 
Aberdaron, Llŷn, probably G. gibbsii Biozone, x 2, 114284; d, incomplete axial shield, flattened but 
undistorted otherwise (compare Fig. 28c), G. gibbsii Biozone, Penmaen Dewi Formation, slate 
quarry at Pwlluog, north of Whitesand Bay, St David's, Dyfed, x 0:5, SM A44340; e, large pygidium 
retaining posteromedian acumination, but more transverse than Fig. 28d, same locality, original of 
Salter 1867: pl. 25*, fig. 4, x 0-5, SM A16730. 
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DISCUSSION. As discussed above, B. scutatrix is morphologically intermediate between Niobina 
davidis and Bohemopyge discreta. Apart from the difference in the hypostoma, which is pointed 
in N. davidis, the Tremadoc form has consistently longer interpleural furrows on the pygidium, 
which extend to the axial furrows. The pygidial doublure is also wider (Lake 1946: pl. 47, fig. 2). 
The type species of Bohemopyge apparently lacks pygidial interpleural furrows entirely 
(Barrande 1872: pl. 7, fig. 23) and is more transverse; the pygidial border widens backwards 
slightly but is not pointed medially. Cranidia of B. scutatrix and B. discreta are nearly identical; 
better-defined glabellar furrows on the latter (Horny & Bastl 1970: pl. 5, fig. 6) are probably 
because of the superior preservation of Bohemian material. The presence of genal spines on B. 
discreta is not necessarily of importance, because the known material is small, and asaphid 
genal spines often become shorter during ontogeny (e.g. Fortey 1980: 260). 

Whittard (1964) placed scutatrix (‘peltata’) in Ogyginus. The cranidium, however, is so typi- 
cally niobine, especially with regard to the good definition of the occipital ring and the sharply 
defined preglabellar field, that such an assignment is likely to be incorrect. 


Subfamily OGYGIOCARIDINAE Raymond 1937 
Genus OGYGINUS Raymond 1912 
TYPE SPECIES. Asaphus corndensis Murchison 1839, by original designation. 


DIAGNOSIS. Preocular suture intramarginal but may run very close to margin in some individ- 
uals (Hughes 1979: 126); glabella flask-shaped, widest (trans.) across frontal lobe; up to three 
pairs of weak muscle impressions; occipital ring ill-defined; anterior border narrow (sag.), flat 
or weakly convex; cephalic border furrow crosses onto preocular cheek only in early species, 
where it is weak, but typically terminates at the preocular facial suture; hypostome with entire 
posterior margin, which is acuminate; thoracic segments typically with Z-shaped or zetoidal 
axial furrows; pygidial axis up to 11 rings; pleural areas with 7-9 pairs of pleural ribs, pleural 
furrows typically deep and broad, interpleural furrows when present are weak. 


REMARKS. Hughes (1979: 122) followed the diagnosis of Whittard (1964: 245), but we have 
found it necessary to modify it here in order to include Arenig species and to exclude those 
characters common to many other asaphids. Hughes (op. cit.) gave the stratigraphical range of 
the genus from the Lower Llanvirn to the upper part of the Lower Llandeilo and noted its 
occurrence in Wales, Shropshire and Brittany, regarding records from elsewhere as either very 
tentative or invalid. 

Several Arenig species are attributable to Ogyginus; they are O. hybridus (Salter 1866a) and 
O. sp. indet. (see below) from south Wales, O. armoricanus (Tromelin & Lebesconte 1876) from 
the Grés Armoricain supérieur, Brittany (Henry 1971: 66, pl. 1, figs 1-11; 1980: 37, pl. 1, figs 4, 
5, 7), O. terranovicus Dean (in Dean & Martin 1978: 15; pl. 5, figs 4—9; pl. 6, figs 1—7; pl. 7, figs 
1-4) from the Wabana Group, Bell Island, eastern Newfoundland, O. planus (Thoral 1946: 86; 
pl. 11, fig. 6; pl. 15, fig. 7) from the ‘lower middle Arenig, Montagne Noire, and O. orbensis 
Pillet, Courtessole & Vizcaino (in Courtessole et al. 1985: 44; pl. 6, figs 1-8) from the Grés de la 
Cluse de l'Orb and Grés du Foulon formations, Montagne Noire. The earliest of these are O. 
planus, O. orbensis and O. hybridus; Courtessole et al. (1985) gave the age of the two former as 
lower Arenig, but by analogy with the stratigraphical occurrence of O. hybridus in the Whit- 
landian, these species may also be of a similar age; this can only be resolved when the 
correlation between Wales and the Montagne Noire becomes better understood. The oldest O. 
terranovicus occur with graptolites indicating an horizon near the top of the D. extensus 
Biozone (Dean in Dean & Martin 1978: 3), suggesting equivalence to the later Whitlandian, 
whilst O. armoricanus is probably of a similar age (Henry 1980: 223). At Cwm yr Abbey, in the 
stratotype section for the base of the Whitlandian, O. hybridus occurs only a short distance 
above the youngest Merlinia rhyakos (Fortey & Owens 1978), and the ranges of the two species 
probably overlap in the basal few metres of the Whitlandian. The name hybridus is more 
apposite than Salter can ever have imagined, for this species has characters typical of both 
Ogyginus and Merlinia; of the latter, the presence of the cephalic border furrow on the pre- 
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ocular fixed cheek, the rather elongated hypostome and the weak pygidial pleural furrows may 
be noted in particular. Ogyginus characters include the flask-shaped glabella and the very 
narrow anterior border; assignment to Ogyginus is based upon the acquisition of the latter 
features. It seems likely that Ogyginus has its origins in Merlinia, and in addition it may be 
noted that some M. rhyakos (e.g. Fortey & Owens 1978: pl. 5, fig. 4) show a tendency towards 
developing zetoidal thoracic axial furrows, a feature that Whittard (1964: 245, 246) stressed as 
an important attribute of Ogyginus; also immature M. selwynii pygidia (Fortey & Owens 1978: 
pl. 8, fig. 4; pl. 9, fig. 4) are strikingly similar in shape and proportions to those of adult O. 
hybridus. 

Ogyginus hybridus (Salter 1866a) 

(Figs 29-32) 

1866a Asaphus? (Basilicus) hybridus Salter: 153; pl. 23, figs 8, 9. 
1906 Ogygia marginata, var.; Evans: 608. 
1906 Ogygia Selwynii Salt.; Evans: 608. 
1907 Asaphus? (Basilicus) hybridus Salter; Thomas in Strahan et al.: 7. 
1907  Ogygia marginata? Crosfield & Skeat; Thomas in Strahan et al.: 15. 
1914 Ogygia selwyni (Salter); Cantrill & Thomas in Strahan et al.: 14 (table). 
1914 Ogygia selwyni (Salt.); Thomas in Strahan et al.: 18. 
1914 Asaphus (Basilicus?) hybridus Salt. [Ogygia selwyni Salt.]; Thomas in Strahan et al.: 18. 
1931  Basilicus? hybridus (Salter); Reed: 451. 
1964 Ogygiocaris selwyni (Salter) Whittard: 232; pl. 35, fig. 10. 
1982 Ogyginus cf. hybridus (Salter); Owens & Fortey: 251, 256, 257. 


LECTOTYPE (selected Whittard 1964: 237). BGS GSd3151, internal mould of pygidium. 


TYPE STRATUM AND LOCALITY. Salter (1866a: 154) stated this to be ‘Llandeilo Flags?, Henllan 
Amgoed, Carmarthenshire', but in the plate caption (1866a: pl. 23, figs 8, 9) modified the 
horizon to ‘Caradoc Shales’. Since only Arenig strata crop out in the environs of Hennlan 
Amgoed, it may safely be assumed that both these alternatives are incorrect. Thomas (in 
Strahan et al. 1914: 18) considered that exposures in the lane from Llwyn-derw to Felin 
Henllan Amgoed (loc. 46, Colomendy Formation, Rhyd Henllan Member) were probably those 
from which the type specimens of this species were obtained. The lithology of the matrix of 
Salter's specimens is certainly that of the Rhyd Henllan Member, but it is equally possible that 
they originated from other exposures in the vicinity of Llwyn-derw (e.g. locs 47A, B) which have 
also yielded the species. Thus while we are confident this is the general area from which the 
types originated, we would hesitate to regard Thomas' suggestion as definitive. 


OCCURRENCE. Type stratum: locs 46A, B, 47A, B, Rhyd Henllan. Blaencediw Formation: loc. 
39, Rhyd Henllan; loc. 56, Triffleton. Abercastle Formation: loc. 58, Abercastle. Afon Ffinnant 
Formation: locs 16H-L, Cwm yr Abbey; locs 17A, B, Cwm Arbont; locs 18A-F, Afon Ffin- 
nant; loc. 19, Ffinnant road section. 


DIAGNOSIS. Ogyginus with short length of cephalic border furrow on preocular fixed cheek, 
effaced on larger specimens; hypostome with small tongue on posterior margin; thoracic and 
pygidial pleural areas very broad, so that anterior width of pygidial axis is markedly less than 
distance between axial furrow and inner edge of facet; pygidial pleural ribs weakly defined, 
more accentuated on smaller specimens, where interpleural furrows are also present; dorsal 
exoskeleton smooth, terrace lines restricted to cephalic and pygidial margins and lateral parts 
of thoracic pleurae. 


DESCRIPTION. This species may reach a large size, and a thorax plus pygidium from loc. 16L 
(Fig. 30b) has a sagittal length of almost 80mm, and the complete specimen would have been 
perhaps 120 mm long. The glabella expands forwards so that the transverse distance across the 
frontal lobe is on average about 80% of the sagittal length; it is narrowest at mid-length, 
opposite the palpebral lobe. It is only weakly inflated both in sagittal and transverse profiles, 
and the axial furrows are only weakly defined, especially posterior of the palpebral lobe. Any 
degree of crushing renders the glabellar muscle areas difficult to see, as in much of our material. 
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Fig. 29 Ogyginus hybridus (Salter 1866a). Middle Arenig; a, d, f, h, i, k from Whitlandian, Colomendy 
Formation, Rhyd Henllan Member, Henllan Amgoed, locs 46A (1), 46B (h), 47A (a, f, k), 47B (d); b, c, 
e, g, J, l,m from Whitlandian, Afon Ffinnant Formation; Cwm yr Abbey, loc. 16L (g); Afon Ffinnant, 
locs 18C (b, e, J, l, m) and 18E (c). a, axial shield, x 2, It.18917; b, meraspid pygidium, latex cast of 
external mould, x 20, It.18918; c, small cranidium, x 2-5, 1t.18919; d, incomplete thorax with 
elongated pygidium, x 1-5, It.18920; e, meraspid, latex cast from external mould, x 10, It.18921; f, 
cranidium showing weak furrow on preocular cheek, x 3, 1t.18922; g, small cranidium, x 5, NMW 
84.10G.2; h, pygidium with parts of five thoracic segments, x 2, BGS HT518; i, small pygidium, 
latex cast from external mould, x 2, BGS Pr1846; J, free cheek, x 2, 1t.18923; k, pygidium, latex cast 
from external mould, x 2:5, It.18924; 1, small pygidium, x 4, It.18925; m, incomplete large 
cranidium showing muscle impressions, x 2, 1t.18926. 
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Fig. 30 Ogyginus hybridus (Salter 1866a). Middle Arenig, Whitlandian Stage, Afon Ffinnant Forma- 
tion; a-d, f, g, i from Cwm yr Abbey, locs 16K (a, g) and 16L (others); e, h from Afon Ffinnant, loc. 
18E. a, thorax and pygidium, latex cast from external mould, x 1-25, NMW 84.17G.1b; b, large 
thorax and pygidium, x 1, NMW 84.10G.6a; c, cranidium, latex cast from external mould, x 2-5, 
NMW 84.10G.1a; d, incomplete free cheek, x 2, NMW 84.10G.3a; e, disarticulated thorax with 
broad pygidium, x 2, It.18927; f, incomplete large pygidium, x 1, NMW 84.10G.7a; g, pygidium, 
latex cast from external mould, x 2, NMW 84.17G.180a; h, small thorax and pygidium, x 2:5, 
1t.18928; i, hypostoma, x 2, NMW 84.10G.10. 
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They are proportionately deeper on large specimens (Fig. 29m) which show probably four 
pairs; none of our material shows the basal (1p) pair well, but transverse 2p is well seen in Fig. 
29m. The same specimen shows a forwardly oblique 3p anterior to the palpebral lobe, and in 
front of this there is a suggestion of a weak 4p. 

The palpebral lobe is placed at approximately mid-length and close to the axial furrow, 
although is proportionately further forward on large cranidia. On the latter, the postocular 
suture describes a more sharply backward oblique course than on smaller ones, and on crossing 
the pleuroccipital furrow it turns inwards (well seen on some free cheeks, e.g. Fig. 29j). The 
preocular suture runs close to, and diverges forwards slightly from, the frontal lobe of the 
glabella. Many specimens have a short, shallow length of the cephalic border furrow traversing 
the preocular fixed cheek (e.g. Fig. 29f), but this is absent from all specimens from locs 18C and 
18E (e.g. Figs 29c, m) which however correspond in other details with specimens in which it is 
present. 

The pleuroccipital furrow is broad and marked, terminated laterally at the genal angle. It 
delimits a narrow posterior border. Lateral border furrow broad and rather shallow, not well 
seen on our material. Genal spine short, broad-based. Doublure rather narrow, of similar width 
to the border, narrowing at hypostomal suture. Hypostome broadly triangular, very large 
specimens being as long (sag.) as wide (tr. smaller ones 85-90% as wide as long. This is in 
contrast to those of O. corndensis which are wider than long, even in smaller specimens (e.g. 
Hughes 1979: 131, figs 58, 59) and also of smaller specimens of O. armoricanus which are as 
wide as long (e.g. Henry 1980: pl. 1, fig. 7a). O. hybridus also differs in having rather long 
(exsag.) anterior wings. Maculae prominent, lying in front of narrow, crescentic posterior body. 
Posterior margins acuminate, like Merlina rhyakos (Fortey & Owens 1978: pl. 5, figs 1, 2). Fine 
terrace lines laterally run subparallel to the margin, and are transverse on the sagittal part of 
the anterior body. 

Thorax of typical Ogyginus type, with zetoidal axial furrows and spindle-shaped pleural 
furrows. Pleurae very broad, so that distance from axial furrow to the inner end of the fulcrum 
is always markedly greater than the transverse width of the axis. Pygidium with a long, narrow 
axis with up to 12 rings. These are defined by very shallow, transverse ring furrows which are 
deepest laterally and almost effaced sagittally. Axis weakly convex, and hardly elevated above 
adjacent pleural areas, and terminates at inner edge of doublure. Pleural areas gently convex 
and very broad, so that distance from axial furrow to inner edge of fulcrum is almost invariably 
in excess of transverse width of anterior end of axis, although in a few specimens (e.g. Fig. 29d) 
the values are almost equal. Seven to eight pairs of weakly-defined ribs, almost effaced on larger 
specimens where traces of only more anterior pleural furrows are discernible; interpleural 
furrows can be seen only on small specimens (Figs 29b, 1). Abaxial parts of pleural areas slope 
down quite steeply (seen on specimens preserved in relief) to narrow pygidial border. Pygidial 
doublure narrow, about same width as border. Dorsal exoskeletons smooth, apart from terrace 
lines around margins of cephalon and pygidium and at latera] extremities anterior and poste- 
rior pleural bands of thoracic pleurae. 

The collection from loc. 18C includes several meraspides, mostly pygidia which show well- 
defined axial ring furrows and deep, parallel pleural and interpleural furrows on the pleural 
areas. The only cephalon is ill-preserved, but an isolated free cheek (Fig. 31b) shows a pro- 
portionately longer genal spine and larger eye than on mature specimens. 


REMARKS. Intrinsic factors such as the subtle differences upon which many asaphid species are 
defined, and extrinsic ones including type of sediment and distortion from different directions 
conspire to make the specimens described here as Ogyginus hybridus particularly intractable to 
interpret. The most obvious differences are seen in the pygidia. Some (e.g. Fig. 30e) are 
decidedly broader than are others (e.g. Fig. 30h). In an attempt to express this objectively we 
measured the anterior end of the pygidial axis and plotted this against the distance from the 
axial furrow to the inner end of the articulating facet; the result showed that two groups could 
just be differentiated (Fig. 32). Wider specimens are nearly all from the mudstones of the Afon 
Ffinnant Formation, less wide ones from silty horizons within it, or from similar lithologies in 
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Fig. 31 Ogyginus hybridus CET 1866a). Middle — Whitlandian Stage, Afon Ffinnant Forma- 
tion; a, c-f from Ffinnant road cutting, loc. 19; b from Afon Ffinnant, loc. 18C; g from Allt 
Cwm-arbont, loc. 17A; h from Penmaen Dewi Formation, probably lower part, Whitesand Bay. a, 
cranidium, x 2, 1t.18929; b, small free cheek with long genal spine, x 5, It.19004; c, d, pygidia, 
respectively x 3, It.18930, x 2, 1t.18931; e, free cheek, x 1-5, 1.18932; f, hypostoma, x 3, 1t.18933; 
g, pygidium, x 2, 1t.18934; h, tectonically distorted complete specimen, note tiny genal spine on left 
side, x 2, SM A44355. 


the Colomendy, Blaencediw and Abercastle formations, although wider forms do occur also in 
most of these. Comparatively few cephalic remains are known; on cranidia the only marked 
variation occurs within the Afon Ffinnant mudstones; specimens from locs 18C and 18E (Figs 
29c, m) lack the border furrow on the preocular fixed cheek, whilst all others have it. Free 
cheeks mostly have a short, broad-based genal spine, but those from loc. 19 (Fig. 31e) have a 
proportionately longer one, whilst specimens from the Penmaen Dewi Formation (Fig. 31h) 
have a minute genal spine. 

Unfortunately these cephalic and pygidial differences are not distributed in a consistent way 
throughout our samples, and it is not possible at this stage to suggest what, if any, taxonomic 
significance they might have, or whether they are a product of intraspecific variation, perhaps 
exacerbated by effects of preservation. We suspect, however, that there might be two sub- 
species; the types of hybridus (Whittard 1964: pl. 35, fig. 10) belong to the comparatively 
narrower morph. 
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Fig. 32 Plot of anterior axial width against distance from axial furrow to inner end of articulating 
facet on pygidia of Ogyginus hybridus (Salter), to show distribution of ‘wider’ and ‘longer forms from 
various localities. 


Thoral (1946: 86; pl. 11, fig. 6; pl. 15, fig. 7) described Ogygiocaris? plana from the ‘lower 
middle Arenig’ of Cabrières, Montagne Noire. His three syntypes are large specimens, each 
with the pygidium and part of the thorax preserved, and they compare exactly with our 
broader forms of O. hybridus, and there can be no doubt that they also belong to Ogyginus. 
Thoral had no cephalic material of O. planus but Pillet, Courtessole & Vizcaino (in Courtessole 
et al. 1985: 43) figured as Ogygiocaris? plana cranidia (1985: pl. 2, figs 1—3) and free cheeks (pl. 
2, figs 4, 5) from different localities in the Montagne Noire in the upper part of the Grès et 
Schistes de La Maurerie and the Grés de la Cluse de l'Orb formations. The cranidia differ from 
O. hybridus in having a longer preglabellar field and the frontal lobe of the glabella being 
poorly defined; no specimen has a section of the cephalic border furrow on the preocular fixed 
cheek. On the assumption that these specimens are conspecific with Thoral’s, O. plana is 
evidently distinct from, but clearly closely related to, O. hybridus. O. orbensis is distinguished 
from O. hybridus by a longer (sag.) preglabellar field, the preocular facial suture being close to 
the glabella, no cephalic border furrow on the preocular fixed cheek and a wider base to the 
genal spine. The pygidium is proportionately longer than in most O. hybridus. 


Ogyginus sp. indet. 
(Figs 33a, b) 


MATERIAL. 1t.18935, cephalon with 7 thoracic segments from loc. 47B, Rhyd Henllan. NM W 
33.189.G152, pygidium and 8 segments from ‘Henllan Amgoed’. Both from Colomendy Forma- 
tion, Rhyd Henllan Member. 
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Fig. 33 Ogyginus sp. indet. Middle Arenig, Whitlandian Stage, Colomendy Formation, Rhyd Henllan 
Member. a, cephalon with seven thoracic segments, Rhyd Henllan, loc. 47B, x 1-5, 1t.18935; b, 
thorax and pygidium, Henllan Amgoed, x 0:8, NMW 33.189.G152. 


DESCRIPTION. The cephalon is badly preserved, but shows a very long, broad-based genal spline 
that extends backwards as far as the sixth thoracic segment; the eye is forwardly placed, close 
to the glabella, which apparently has a weak constriction at mid length. The thoracic axial 
furrows have the characteristic zetoidal configuration of Ogyginus. The thoracic segments have 
the inner parts of the pleurae markedly narrower (tr.) than the axis. The pygidium is 0-6 times 
as long (sag.) as wide (tr.), with the axis tapering quite rapidly backwards; the pygidial doublure 
is rather broad. The anterior part of the glabella and the thoracic axial rings carry prominent 
terrace lines. 


REMARKS. The blade-like genal spine, narrow inner sections of the pleurae, broad pygidial 
doublure and presence of terrace lines on the axial regions readily distinguish these specimens 
from O. hybridus, which occurs at the same locality. A new species is evidently represented, but 
the present material is insufficient to name it. 


Superfamily CYCLOPYGACEA Raymond 1925 


We follow here the definition of Cyclopygacea given by Fortey (1981), and include the Nileidae 
in this superfamily as well as the Cyclopygidae. 


Family CYCLOPYGIDAE Raymond 1925 
Subfamily CYCLOPYGINAE Raymond 1925 


DIAGNOSIS. Cyclopygids with five to seven thoracic segments, no nodes on third axial ring. 
Cranidium with an arcuate to parabolic outline, in some genera extended into a ‘nose’ anteri- 
orly; glabellar furrows variably expressed, with a maximum of three pairs in Novakella. 
Pygidium with or without border; axis usually wide and relatively short, and may be more or 
less effaced. 


GENERA INCLUDED. Cyclopyge Hawle & Corda 1847; Microparia Hawle & Corda 1847; Micro- 
paria (Heterocyclopyge) Marek 1961; Microparia (Quadratapyge) Zhou 1977; Aspidaeglina 
Holub 1911; Sagavia Koroleva 1967; Degamella Marek 1961; Novakella Whittard 1961a; 
Xenocyclopyge Lu 1962; Gastropolus Whittard 1966. 


DISCUSSION. Since the Treatise (Harrington et al. 1959) the number of cyclopygid genera has 
trebled. The Arenig of south Wales includes the earliest known diverse cyclopygid assemblage, 
particularly rich in the Fennian, where they are accompanied by two other, morphologically 
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convergent but unrelated, trilobites Girvanopyge and Bohemilla. It is clear that many of the 
cyclopygid genera—Microparia, Cyclopyge, Degamella, Novakella, Gastropolus—are extraordi- 
narily conservative. Species from the Arenig of south Wales are very similar to ones from the 
Ashgill of Scotland, Bohemia and Kazakhstan. This may reflect the stability of the off-shelf 
habitat in which they lived, relatively free from the perturbations that influenced the shelf 
faunas. The genera appear to be quite well defined by the later Arenig, and presumably the 
earlier history of the family must be sought in the early Arenig and Tremadoc of such areas as 
the Montagne Noire. Kobayashi & Hamada (1971) made a start on recognizing subfamilies 
within the Cyclopygidae with the discrimination of the Ellipsotaphrinae (p. 187). Here we 
separate another monophyletic subfamily, the Pricyclopyginae, to include Pricyclopyge, 
Symphysops and ? Emmrichops. The remaining genera are accommodated within the Cyclo- 
pyginae. The subfamily includes cyclopygids with mostly elongate (sag.) cranidia with a para- 
bolic outline and the maximum width at or near the posterior margin. Palpebral rims are 
narrow, gutter-like; anterior fusion of the eyes occurs in several genera. Thoracic segment 
number is constant within genera through the Arenig-Ashgill interval, but we know that 
primitively cyclopygids may have had seven segments, and loss of one or two segments presum- 
ably happened in the later Tremadoc or early Arenig. For example, Cyclopyge azaisi Thoral, 
1935, from the ?latest Tremadoc of the Montagne Noire is essentially a Degamella with seven 
thoracic segments. The most primitive cyclopygid is Prospectatrix Fortey, 1981, from the 
Tremadoc of Britain, which also has seven segments. As is usual with primitive forms its 
assignment to a subfamily, when all are based on advanced characters, is difficult; because it 
lacks the thoracic structure of the Pricyclopyginae, it may be arbitrarily placed in the Cyclo- 
pyginae. À series of vincular notches have been recognized on the free cheeks of Cyclopyge and 
Degamella (Fig. 40b); this may prove to be a uniting character of Cyclopyginae, or it may be 
generally distributed in the family. The hypostome is known in Cyclopyge, Microparia and 
Degamella: it is wide (tr.) and short (sag.), and quite different from that cautiously assigned by 
Whittard (1961a) to Pricyclopyge. 


Genus CYCLOPYGE Hawle & Corda 1847 
TYPE SPECIES. Egle rediviva Barrande 1846. 


DISCUSSION. Fortey & Owens (1978) redescribed Aeglina grandis Salter, 1859, and attributed it 
to Microparia. Since then, the discovery of new material has added more information. The 
assignment of grandis to Microparia was incorrect; well-preserved cranidia show the basal pair 
of glabellar furrows characteristic of Cyclopyge, together with a typical pygidial structure. We 
follow the diagnosis of Marek (1961) here. 


Cyclopyge grandis grandis (Salter 1859) 
(Figs 35a-f, 36) 


Synonymy as in Fortey & Owens (1978: 256, 258) under Microparia grandis but their pl. 4, fig. 9 is 
excluded. 


TYPE INFORMATION. See Fortey & Owens 1978: 258. 


FIGURED MATERIAL. Axial shields: NMW 27.110.G259, G362, 1.711; cranidium: It.19600; 
pygidium: It.19601. 


STRATIGRAPHICAL OCCURRENCE. Middle to basal Upper Arenig (Whitlandian-lowest Fennian). 
Frequent in Penmaen Dewi Formation at Pwlluog; Whitland Abbey Formation, loc. 27; 
Cwmfelin Boeth Formation, in turbidites and interbedded shales, locs 36, 43; unnamed Arenig 
mudstones on east side of Nant-y-Gadwen, near Llanfaelrhys, Ll$n Peninsula, north Wales, 
and equivalent beds at Dwyrhos Farm, near Aberdaron; one pygidium from the Mytton Flags, 
Shropshire. The specimen assigned here by Fortey & Owens (1978: pl. 4, fig. 9) from the 
Carmarthen Formation is now referred to ?Cyclopyge sp. (see Table 1, p. 85). 
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DISCUSSION. When we first redescribed this species we based our interpretation on poorly 
preserved type and topotype material, and a well-preserved incomplete dorsal exoskeleton from 
the Carmarthen Formation (Fortey & Owens 1978: pl. 4, fig. 9) which we assumed was 
conspecific. This assumption was wrong. Well-preserved specimens from Whitlandian mud- 
stones in north Wales compare exactly with the poor material from the type locality, but differ 
from the specimen from the Carmarthen Formation, which now has to be excluded from the 
species. The cranidia show the broadly truncate-oval form, long palpebral rims and spine-like 
relict fixed cheeks typical of Cyclopyge, as well as the basal pair of glabellar furrows, which are 
subdued on flattened material. A specimen in full relief from the Cwm-felin-Boeth Formation 
(Fig. 35b) also shows a sagittal ridge, running forwards from the glabellar furrows to the 
glabellar tubercle. Pygidia were correctly assigned previously; the new material includes well- 
preserved examples showing four or five pairs of extremely narrow furrows probably represent- 
ing interpleural boundaries. These do not survive distortion or flattening. The border is narrow, 
and well defined along its length, with a concomitantly narrow doublure. The axis tapers evenly 
backwards, and one axial ring is invariably deeply defined; the second ring is only faintly 
indicated adjacent to the axial furrows, and rarely defined. Length of the axis exceeds the length 
of the postaxial field to the border furrow (see discussion of Cyclopyge grandis brevirhachis 
below). 

This is possibly the oldest known species of Cyclopyge; both those attributed to this genus by 
Tjernvik (1956) from the early Ordovician of Sweden lack the typical glabellar structure, and 
were referred to Heterocyclopyge by Lu (1975: 175). A species from the Montagne Noire 
described by Pillet & Courtessole (1985) as Incisopyge? theroni is closely similar to C. grandis 
grandis, and is described as originating from the Lower Arenig; it is certainly better referred to 
Cyclopyge. The type species from the Caradoc of Bohemia was revised by Marek (1961: 19-21; 
in Horny & Bastl 1970: pl. 7, fig. 3), and is like C. grandis grandis in most features of the 
exoskeleton, again showing how conservative was cyclopygid morphology. It is best distin- 
guished by its short pygidial axis; on Marek's reconstruction the terminal piece is shown as 
hardly longer than the one defined axial ring. There are also one or two pairs of pygidial 
pleural furrows. On the cranidium, the axial furrows on C. rediviva take a much sharper adaxial 
bend inside the relict postocular cheek. Other species of Cyclopyge differ from C. grandis 
grandis in pygidial details: pygidial axes are either shorter, as in C. rediviva, or if as long have 
more defined axial rings and furrowed pleural fields, as in C. kossleri (Klouček 1916). Several 
species (C. rotundata Lu 1975; see Han 1978) has the eyes fused into a single unit—a derived 
character in several cyclopygid genera. The eyes of C. grandis were separate. There is variation 
in the preservation of the raised circular areas (probably representing a thinning of the cuticle) 


Fig. 35 a-f, Cyclopyge grandis grandis (Salter 1859). a, cranidium and thorax retaining some relief, 
Nant-y-Gadwen, Llanfaelrhys, Ll$n Peninsula, Whitlandian (probably G. gibbsii Biozone) x 5, 
NMW 27.110.G362; b, c, uncrushed internal mould of incomplete cranidium, dorsal and lateral 
views, showing basal pair of muscle impressions and sagittal ridge, Cwmfelin Boeth Formation, early 
late Arenig, Fennian, S. abyfrons Biozone, loc. 36, x 5, 1t.19600; d, three thoracic segments and 
pygidium, near original relief, locality as Fig. 35a, x 5, NMW 27.110.G259; e, entirely undistorted 
pygidium, horizon and locality as Fig. 35b, x 5, It.19601; f, thorax and pygidium from type locality, 
showing indication of second axial ring, Whitlandian (G. gibbsii Biozone), old quarry in Pwlluog, 
north of Whitesand Bay, St David's, Dyfed, x 4,1711. g-h, j-o, Cyclopyge grandis brevirhachis subsp. 
nov., Upper Arenig, Fennian. g, small cranidium and 3 thoracic segments, most transverse specimen, 
B. rushtoni Biozone, loc. 24, x 5, NMW 21.306.G32; h, mould of pygidium, full relief, stratigraphical 
and morphological intermediate between C. grandis grandis and C. grandis brevirhachis, S. abyfrons 
Biozone, loc. 36, Cwmfelin Boeth Formation, x 4, [t.19603; j, thorax and pygidium, B. rushtoni 
Biozone, loc. 23, Pontyfenni Formation, x 5, It.19602; k, pygidium, horizon and locality as Fig. 35j, 
x 6, It.15906; 1, holotype incomplete dorsal shield with free cheeks displaced backwards, B. rushtoni 
Biozone, loc. 24, x 4, It.15931; m, cranidium, cast of external mould, horizon and locality as 
holotype, x 5, 1t.18578; n, pygidium, horizon and locality as holotype, x 4, 1t.15904; o, cranidium, 
horizon and locality as holotype, x 5, 1t.19607. p, Cyclopyge cf. C. umbonata (Angelin). Axial shield, 
Upper Arenig, Fennian, Biozone of B. rushtoni, loc. 23, x 5, It.15908. 
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which lie behind the inner ends of the glabellar furrows, which are obliterated during any 
compression. 

Cyclopyge grandis grandis is a useful guide fossil to the Whitlandian; the earliest Fennian 
specimens from the Cwmfelin Boeth Formation (Fig. 35e) cannot be distinguished from those 
from the earlier horizons. Later Fennian specimens all have the characters of C. grandis 
brevirhachis, which is discussed below. We noted previously that Whittard's (1961a) Cyclopygid 
C was to be referred to C. grandis grandis, and indeed provides one of the faunal links between 
the Mytton Flags and the Arenig of south Wales. 


Cyclopyge grandis brevirhachis subsp. nov. 
(Figs 35g-o, 36) 


HOLOTYPE. Incomplete dorsal exoskeleton, 1t.15931. 


PARATYPE MATERIAL. Thorax and pygidium, [t.19602; pygidia, It.15904, 1t.15906, It.15907, 
NMW 84.17G.171; cranidia: 1t.18677-8, It.19607, NMW 21.306.G32, 84.17G.172; cranidium 
with free cheek, NMW 84.12G.29. 


TYPE LOCALITY AND HORIZON. Pontyfenni Formation, loc. 24; Upper Arenig, Fennian, B. rush- 
toni Biozone. 


STRATIGRAPHICAL RANGE. Upper Arenig, Fennian, B. rushtoni Biozone; locs 23, 24. 
NAME. ‘Short axis’. 


DIAGNOSIS. A subspecies of Cyclopyge grandis with length of pygidial axis equal to or less than 
length of postaxial field, measured from the tip of the axis to the border furrow on the sagittal 
line. 


DISCUSSION. This subspecies is established for populations of Cyclopyge grandis from the Ponty- 
fenni Formation which differ from the the nominate form in having a relatively long pygidium, 
and hence the pygidial axis occupying a proportionately shorter fraction of the pygidial length. 
This can be expressed as the ratio of the length of the axis, measured from the furrow defining 
the half ring to the furrow defining the tip, to the postaxial field from the tip of the axis to the 
middle of the border furrow. The holotype of C. grandis grandis is poorly preserved and the tip 
of the axis and the border furrow are obscured, so that it is not possible to obtain a reliable 
measurement of this proportion. However, better preserved, flattened but otherwise almost 
undistorted pygidia are known from the type locality at Pwlluog, St David’s (one of these is 
shown on Fig. 35f), and five of these have given ratios of between 1:20 and 1-33 with a mean of 
1-28. From the good material in full or partial relief at Nant-y-Gadwen, Lljn, we obtained 
ratios between 1-20 and 1-60 with a mean of 1-30. All available material of C. g. brevirhachis 
yields ratios 0-:85-1:0, mean 0:95. Pygidia of C. grandis grandis are typically nearly semicircular 
if undistorted; width/length ratios of C. g. brevirhachis are in the range 1-6-1-8. This proportion 
is readily altered by distortion, however. On pygidia of brevirhachis the width of the terminal 
piece on the axis is equal to or less than its length; the terminal piece on grandis grandis is 
wider than long, but again axial or transverse distortion obscures this difference. Where the 
pygidial doublure can be observed on C. grandis brevirhachis it is wider than on C. grandis 
grandis, which has the merest strip underlying about half the border. If the proportions of the 
thorax and pygidium of brevirhachis from the type locality of the Pontyfenni Formation are not 
greatly altered, as seems likely, then its thorax 1s also proportionately longer than that of C. 
grandis grandis: width only slightly more than length, whereas undistorted C. grandis grandis 
have length about two-thirds width. We can find no differences between the two subspecies on 
the cranidia. Free cheek with border, as C. grandis grandis (Fortey & Owens 1978: pl. 4, fig. 8). 

In an undistorted condition pygidia of the two subspecies can be distinguished quite easily 
but the differences can be obscured by distortion— particularly transverse extension, which 
reduces the measurable proportional distinctions. Specimens from the upper part of the range 
of grandis grandis in the basal Fennian Cwmfelin Boeth Formation are not different from those 
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Fig. 36 Comparative reconstructions of (left) C. grandis grandis (Salter), to replace that in Fortey & 
Owens, 1978, and (right) C. grandis brevirhachis subsp. nov., both about x 3. 


in the Whitlandian, although one specimen (Fig. 35h) has the axis hardly greater in length than 
the postaxial field, and might be regarded as transitional in this character. 

The slender pygidial axis with elongate terminal piece is not known in other Cyclopyge 
species; in those with axes as short, the terminal piece is usually rather bluntly rounded. 
Cyclopyge alia and C. festa from Kazakhstan (Koroleva 1967) are species with short pygidial 
axes which are difficult to assess from the available illustrations; both are from the Upper 
Ordovician and are unlikely to be related to C. grandis brevirhachis. Both also appear to be 
similar to C. marginata Hawle & Corda (Marek 1961: pl. 1, figs 11, 12), which has a wider, 
blunt-tipped pygidial axis compared with the new subspecies. 


Cyclopyge kossleri Kloucek 1916 
(Figs 37a, b) 


1916  Aeglina kossleri Holub (in litt.); Klouček: 8. 
1961  Cyclopyge kossleri (Klouček 1916) Marek: 25-26; pl. 1, figs 14-17; text-fig. 7. 


MATERIAL. One incomplete dorsal shield, SM A44533. 
LOCALITY AND HORIZON. Llanfallteg Formation, earliest Llanvirn, Scolton Railway Cutting. 


DISCUSSION. This is the first record of the species in Britain. It has been fully described from the 
Llanvirn Sárka Formation of Bohemia by Marek (1961). Type material is in full relief, whereas 
the specimen from the Llanfallteg Formation is slightly flattened, and the cranidium is also 
distorted. The latter, however, shows the characteristic pair of furrows which prove assignment 
to Cyclopyge. The pygidium of C. kossleri is distinctive: it has a long and well-segmented axis 
showing three axial rings and a small triangular terminal piece, and the pleural fields carry two 
pairs of furrows. It is, in fact, similar to transitory pygidia of other cyclopygids (e.g. C. umbon- 
ata bohemica; see Marek, 1961: pl. 2, fig. 5), but is too large to be such, and is associated with 
tie full complement of thoracic segments. C. kossleri probably arose by neotenic displacement 
of immature characters into the adult. The specimen from south Wales clearly shows the same 
pygidial features, and the determination can be made with confidence. 
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Fig. 37 Cyclopyge kossleri Klouček, 1916. Early Llanvirn, D. artus Biozone, Llanfallteg Formation, 
Scolton cutting, x 6, SM A44533. a, cranidium and external mould of incomplete thorax and 
pygidium; b, counterpart of latter. 


Cyclopyge cf. umbonata (Angelin 1854) 
(Fig. 35p) 
cf. 1854 Corynexochus ? umbonatus Angelin: 60; pl. 33, fig. 10. 


cf. 1961 Cyclopyge umbonata umbonata (Angelin) Marek: pl. 1, fig. 10. 
cf. 1971 Cyclopyge umbonata (Angelin 1854); Neben & Krueger: pl. 13, fig. 19. 


MATERIAL. One nearly complete axial shield, It.15908. 


LOCALITY AND HORIZON. Pontyfenni Formation, type locality at Pontyfenni; Upper Arenig, 
biozone of Bergamia rushtoni. 


Discussion. One articulated specimen from the late Arenig falls outside the range of variation 
of C. grandis, and in particular of C. g. brevirhachis from the same horizon. The pygidial border 
is very wide, about one-quarter total pygidial length; on C. grandis, sensu lato, there is some 
variation in this character, but it is never wider than one-sixth pygidial length, and usually 
one-eighth or less. The pygidial axis is also relatively wide, and bluntly rounded, when com- 
pared with that of C. grandis. 

The pygidium of C. umbonata, Angelin's original specimen and presumably the holotype by 
monotypy, was illustrated by Marek (1961); its origination from the ‘Orthoceras Limestone’ of 
Sweden suggests it is not very different in age from the Welsh specimen (see Neben & Krueger 
1973). Neben & Krueger (1971) attributed a cranidium, but from a glacial erratic. C. umbonata 
also has a wider pygidial border than other Cyclopyge spp., and is close to our specimen on 
most other characters. The identification has to be qualified, however. The Welsh specimen 
shows a faint second axial ring on the pygidium, whereas the type of umbonata has apparently 
one strong ring—more like C. grandis in this respect. The cranidium attributed by Neben & 
Krueger was probably longer than that of our specimen. It is impossible to assess the impor- 
tance or otherwise of such small differences until more is known about variation in C. umbon- 
ata from the type area, hence our determination is qualified. 

Another similar species is C. stigmata Poulsen 1965 from Bornholm, also from the later 
Arenig. However, Poulsen mentions a third pygidial axial ring, and the pygidial border narrows 
postaxially. 


Genus DEGAMELLA Marek 1961 
TYPE SPECIES. Aeglina princeps Barrande 1872, original designation. 


DIAGNOSIS. Large cyclopygid trilobites having elongated cranidium, occupying as much as half 
total length, which is produced into an anterior 'nose. Eyes of medium to large size with 
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laterally-directed field of view. Three pairs of cephalic muscle impressions may or may not be 
visible, and never deeply incised as in Novakella. Thorax of six or seven segments without 
dorsal organs on third segment. Pygidium sub-semicircular; axis long, usually effaced pos- 
teriorly; border ill-defined; pygidial doublure wide. 


Discussion. Marek (1961: 45, footnote) and Whittard (1966: 287) stated that Degamella was 
likely to be a junior synonym of Novakella Whittard 1961a. Here we retain them as separate 
genera, and distinguish both from Microparia also at the generic level. The south Wales faunas 
show that the typical morphologies of Degamella, with extended glabella, and Novakella, with 
incised slit-like glabellar furrows, are already distinct in the Arenig, and indeed they continue 
with little change into the Ashgill of the Whitehouse Group, Scotland (J. K. Ingham, personal 
communication). Such long independent histories of two distinctive groups, each with several 
species, is stratigraphical evidence for two separate monophyletic taxa, for which generic status 
is appropriate. Degamella and Novakella share a number of characters which indicate that they 
are more closely related one to another than to Microparia: six thoracic segments; long 
cranidium; wide pygidial doublure. The morphology of Microparia was also established by the 
Arenig, with a similarly long subsequent history, and its generic status seems to be equally 
justified. Five thoracic segments appears to be a stable character in Microparia. Microparia 
nudus Whittard 1961a, from the Llanvirn of Shropshire, has six thoracic segments, and propor- 
tions more like those of Degamella princeps than typical Microparia species; hence we would 
refer it to Degamella, as defined here. We allow seven thoracic segments in Degamella because a 
specimen which has been attributed (possibly incorrectly) to Aeglina azaizi Thoral, 1935 (Fig. 
38e) appears to be a typical Degamella except in that it retains the primitive segment number. 


Degamella evansi sp. nov. 
(Figs 38-40) 


HOLOTYPE. Axial shield, It.15909. 


PARATYPE MATERIAL. Axial shields, NMW  33.189.G133, It.15932, NMW  33.189.G3, 
84.17G.41-3; exoskeleton with displaced cheeks, 1t.19707; free cheeks, 1It.15910-1, 1t.19610; 
cranidium, It.15912; hypostoma, 1t.19611; pygidia, 1.19612, NM W 84.17G.44. 


TYPE LOCALITY. Pontyfenni Formation, loc. 23; Fennian, B. rushtoni Biozone. 


STRATIGRAPHICAL RANGE. Upper Arenig, Fennian, B. rushtoni Biozone, loc. 23; and Ramsey 
Island, Aber Mawr (? B. rushtoni Biozone), loc. 62. 


NAME. After D. C. Evans, pioneer geologist of the Whitland District. 


DIAGNOSIS. Degamella with cranidium longer (sag.) than width at posterior margin; eyes larger 
than in D. princeps. Narrow palpebral rims extend very far back; no posterolateral fixed cheeks 
defined. Pygidial doublure of equal width along its length. 


DESCRIPTION. The species is known from three well-preserved axial shields, which are 23 times 
longer than wide, an elongate form characteristically associated with an actively swimming 
mode of life (Fortey 1985b). The cranidium accounts for half this length, and the length of the 
thorax is equal to, or slightly less than, that of the pygidium. The axial shields are somewhat 
flattened, but the cranidium illustrated in Fig. 40c is preserved in the ‘nodular’ fashion in which 
much of the original convexity survives; if this is so then the transverse vaulting is lower than it 
is in D. princeps. Convexity across thorax and pygidium is always low in Degamella. 

Cranidium longer than wide, the ‘nose’ broadly rounded rather than acuminate; cranidium 
expands in width (tr.) slightly forwards to a maximum at about one-third cranidial length, 
tapering more rapidly forwards. There is no indication of glabellar furrows or ‘muscle insertion 
areas’, but the preservation is likely to be inadequate to preserve them. Palpebral gutters only 
just fall short of posterior margin; anteriorly they run outwards alongside the glabella as it 
expands in width, and shortly in front of this, at about half cranidial length, they become 
ventral enough to be concealed beneath the frontal glabellar lobe. Fused free cheeks are 
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Fig. 38 a-d, Degamella evansi sp. nov. Upper Arenig, Fennian, B. rushtoni Biozone, Pontyfenni 
Formation, loc. 23. a, axial shield, sixth thoracic segment not clearly visible on this specimen which 
has cranidium slightly displaced relative to thorax, presumably during moulting, x 2 NMW 
33.189.G133; b, latex cast from natural mould of small dorsal shield, only four thoracic segments 
visible (possibly indicating meraspide condition if not displaced), x 4, It.15932; c, holotype, large 
damaged axial shield, x 2, 1t.15909; d, latex cast from external mould of hypostoma, x 5,1t.19611. e, 
Degamella azaisi (Thoral)?, latex cast from well-preserved shield for comparison with D. evansi, early 
Arenig, Montagne Noire, x 2,1t.8158. 


undoubtedly to be referred here, both on grounds of size and because they are closely similar to 
those of D. princeps (Marek 1961: text-fig. 18). They show the broad doublural platform which 
lay ventrally beneath the glabellar *nose'; but the eyes are large, taking up virtually all the 
dorsal librigenal surface, except for a very narrow border, and they presumably occupied the 
entire area abutting the palpebral rims. 

Hypostome (Fig. 38d) is extremely transverse, almost four times wider than long, densely 
covered with terrace ridges, and with a prominent posterior border but a less distinct anterior 
border. It is like that attributed to Degamella cf. princeps by Whittard (1966: pl. 49, fig. 12), and 
is reasonably assigned to D. evansi. 

Six thoracic segments of usual cyclopygid form, with adaxial articulation on the first 
segment, and somewhat further from axis posteriorly. Axis occupies about two-thirds width at 
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Fig. 39 Reconstruction of axial shield of Dega- 
mella evansi sp. nov., x 2 approx. 


first segment, but less than half on sixth segment. Most of the axial taper occurs on the 
posterior three segments. Prominent articulating facets, steeply downsloping on first segment. 
The holotype shows the narrow thoracic doublure, which apparently narrows to almost 
nothing on the first segment. The half rings are raised, rim-like, and longer (sag.) anteriorly, 
indicating that the bulk of flexure during enrollment occurred on the anterior segment. 

Pygidium five-eighths as long as wide, with pygidial axis occupying about three-eighths 
pygidial width at anterior margin. Axial furrows continue backward taper of posterior part of 
thorax, enclosing an angle of 307-40^; tip of axis effaced, but it certainly extends to nearly 
two-thirds pygidial length. One ring furrow is defined, with traces of a second. Broad, but 
ill-defined, border hardly present postaxially. Wide doublure extends back beneath border, not 
narrowing conspicuously towards anterolateral edges, and carrying 8-10 terrace ridges which 
run slightly oblique to the posterior pygidial margin. 


DiscussioN. Considering the difference in age, this species is remarkably like the type species, D. 
princeps princeps (Barrande 1872: pl. 14, figs 3-8), from the Llandeilo Dobrotiva Formation of 
Bohemia (see Marek 1961: 46-48; pl. 4, figs 1-7; text-figs 17, 18; in Horny & Bastl 1970: pl. 7, 
fig. 8. Thorax and pygidium are identical. The cephalic impressions shown on Marek's (1961: 
text-fig. 17) reconstruction are visible only with exceptional preservation—many specimens 
from the Dobrotiva Formation do not show them—and the fact that none of the Arenig 
specimens preserve them is of no importance. The distinguishing characters of the new species 
are entirely cephalic: in D. princeps princeps the axial furrows curve adaxially away from the 
facial sutures as the posterior margin is approached, before becoming effaced, thereby defining 
a long (exsag.), triangular fixed cheek; on D. evansi the axial/palpebral furrow continues along 
the edge of the cranidium almost to the posterior margin. The eyes on D. princeps are remark- 
ably small for a cyclopygid, and there is concomitantly a relatively large border on the free 
cheek ; this is not the case in D. evansi, on which the eye occupies most of the available area as 
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Fig. 40 Degamella evansi sp. nov. Upper Arenig, Fennian, B. rushtoni Biozone, Pontyfenni Formation, 
loc. 23. a, internal mould of conjoined free cheeks from ventral side, narrow, long eyes preserved at 
lateral edges, x 2-2, 1t.15910; b, external mould of conjoined free cheeks, vincular noches shown on 
right, x 3,1It.19610; c, d, x 2, It.15912, dorsal and lateral views of cranidium; e, detail of eye showing 
its large size as compared with D. princeps, x 6,1t.15911. 


it does on other cyclopygids. The close similarity between D. evansi and D. princeps might imply 
that the smaller eye of the latter is in this case a derived character, the larger eye being 
primitive. The occurrence of the small-eyed form is itself surprising, because the family as a 
whole maximizes visual area. 

Klouček (1916) distinguished the subspecies Degamella princeps praecedens from a strati- 
graphically earlier horizon than D. princeps princeps, in the Llanvirn Sárka Formation of 
Bohemia. The holotype, a fragmentary cephalon, was illustrated by Marek (1961: pl. 4, figs 8, 
9), and considered by him to be unique. In the collections of the British Museum (Natural 
History) there is a nearly complete exoskeleton of a Degamella (1.15277), presented by Klouček, 
and stated to be from Di of Sarka and therefore likely to represent the subspecies praecedens. 
This exhibits no differences from D. princeps princeps, and the specimen differs from D. evansi in 
the same characters; in view of this the status of the subspecies praecedens is regarded as 
doubtful. D. gigantea (Barrande 1872) from the Ashgill of Bohemia has even smaller eyes than 
D. princeps. Degamella nuda (Whittard 1961a) from the Llanvirn of Shropshire differs from D. 
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princeps and D. evansi in that the cranidium of the mature holaspis (1961a: pl. 24, fig. 5) is much 
less than half the total axial length. The pygidium is like that of D. evansi externally, but the 
doublure widens noticeably backwards; small cranidia of D. nuda are quite transverse. D. nuda, 
like D. evansi, has large eyes. Whittard identified a series of vincular notches in the cheek 
doublure of D. nuda, as did Marek (1961) on D. princeps, and Han (1978) on Cyclopyge. These 
notches may prove to be another character linking the subfamily Cyclopyginae as defined here. 

If the large eyes of D. evansi and D. nuda are primitive it would confirm Marek’s view that 
Microparia and Degamella are closely related. 


Genus GASTROPOLUS Whittard 1966 
1974  Lisogoraspis Apollonov: 76. 
TYPE SPECIES. Gastropolus brevicaudatum Whittard 1966, see below. 


DIAGNOSIS. Cyclopygid trilobites with six thoracic segments, and cephalon more than twice as 
long (sag.) as the pygidium. Cranidium resembling that of Microparia but with large, triangular 
remnant fixigenal areas. Pygidium exceptionally transverse, with an elliptical outline; border 
and axis well defined. 


DISCUSSION. The genus Gastropolus was originally proposed by Whittard (1966) on the basis of 
two specimens of a distinctive pygidium, together with a pygidium with six thoracic segments 
attached, all from the Hope Shales (Llanvirn) of Shropshire; he was not able to associate 
cephalic parts. We are now able to diagnose the genus more completely because there is a 
complete, but poorly-preserved, specimen from the Lake District (Fig. 41a), which allows us to 
associate relatively well-preserved cranidia and pygidia from south Wales. Mr R. Kennedy has 
also kindly shown us an entire specimen he has collected from the Llanfallteg Formation. 
Gastropolus is a distinctive cyclopygid, especially because of its excessively wide pygidium, 
which is like that of no other trilobite. The cranidium is more typically cyclopygine, but the 
comparatively large remnant fixed cheeks form a pair of wide triangular areas at the posterior 
cephalic margin, which distinguishes the cranidium from those of Microparia, Degamella and 
Sagavia. Apollonov (1974) described Lisogoraspis from the Upper Ordovician of Kazakhstan, 
again from pygidia. These are similar in all respects to that of Gastropolus, and Lisogoraspis is 
accordingly listed as a subjective synonym of Gastropolus. Whittard proposed the species G. 
brevicaudatum as the type species but we regard it as being the same as the poorly known 
species obtusicaudata Hicks from Llanvirn quarry. 

In its cranidial morphology Gastropolus is clearly a cyclopygine, related to Microparia, 
Sagavia and Degamella, which also have triangular fixigenal remnants, although not as wide 
(tr.). The presence of six thoracic segments, and a well-defined pygidial border and axis, incline 
us to classify it closer to Degamella and Sagavia than to Microparia. It is a homoeomorph of 
Emmrichops, another transverse cyclopygid, but which we regard as a probable pricyclopygine 
(below). Microparia itself includes one species, M. porrecta sp. nov., which has a pygidium as 
transverse as that of Gastropolus. Presumably there was a particular niche in the bathypelagic 
habitat to which these forms were adapted. Unlike other cyclopygids there is a poor ‘fit’ 
between cephalon and pygidium and it is not obvious whether Gastropolus was capable of 
enrollment. It is interesting that the hypostoma of Degamella is also remarkably wide (Fig. 38d). 
If that of Gastropolus were similar it is possible that the wide pygidium engaged with the wide 
hypostoma rather than the cephalic doublure during enrollment. 


Gastropolus obtusicaudatus (Hicks 1875) 
(Figs 41—43) 


1875  Aeglina obtusicaudata Hicks: 185; pl. 10, fig. 3. 

1885 Group A, no. 2; Postlethwaite: 74; pl. 3, fig. 16. 

1886 — Aeglina obtusicaudata Hicks; Postlethwaite & Goodchild: 463; pl. 8, fig. 16. 
1961a Cyclopyge obtusicaudata Hicks; Whittard: 179. 

1966  Gastropolus brevicaudatum Whittard: 294; pl. 50, figs 10-12. 
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Fig. 41 Gastropolus obtusicaudatus (Hicks 1875). a, cast of poorly preserved axial shield, original of 
Postlethwaite 1885: pl. 3, fig. 16 (as drawn by Goodchild). Outerside, Lake District, x 1, SM 
A45444; b, holotype, thorax and pygidium in poor preservation, original of Hicks 1875: pl. 10, fig. 3, 
Llanvirn quarry, early Llanvirn, presumed to be D. artus Biozone, x 1, SM A45154. 


HororvPr. Thorax and pygidium, SM A45154, from the early Llanvirn of Llanvirn quarry. 
MATERIAL. Pygidia: It.19615—6; cranidia: 1t.19613—4. 
DIAGNOSIS. See that of genus. 


STRATIGRAPHICAL RANGE. The species occurs in the Llanfallteg Formation, early Llanvirn part, 
in south Wales at Cefn-maen-llWyd farmyard. Hope Shales, Shropshire, early Llanvirn; 
Skiddaw Slates at Outerside, probably also from the earliest Llanvirn. 


DESCRIPTION. Entire exoskeleton slightly less than twice as long as wide, the cephalon account- 
ing for half the total length. Cranidium wider than long, maximum width at posterior margin 
between 0-7 and 0-9 of sagittal length. The glabella has a nearly circular outline; the axial 
furrows converge inwards and backwards quite sharply, but fade out before reaching the 
posterior cranidial margin. The fixed cheeks so defined have a maximum width about three- 
quarters length (exsag.) and are slightly inflated. The sutural margins of the remnant fixed 
cheeks are gently convex-outwards. Palpebral rims are apparently lacking. Otherwise, the 
cranidium is almost featureless; there are faint indications of a few terrace lines on the frontal 
glabellar lobe. We presume that large eyes lay along the cephalic margin as in other cyclo- 
pygids. Thorax with six segments. Apart from being relatively wide (tr.) it is of usual cyclopygid 
construction, with the axis hardly tapering over the first three segments, thereafter tapering 


Fig. 42 Gastropolus obtusicaudatus (Hicks 1875). Early Llanvirn, D. artus Biozone, Llanfallteg 
Formation, loc. 50. a, large cranidium with partially damaged frontal glabellar lobe, x 2, 1t.19613; b, 
cranidium, x 3,1t.19614; c, pygidium, x 3, [t.19615. 
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gently backwards into the pygidial axis. On the sixth segment the width of the axis is only 
slightly greater than the width of the pleurae. 

Pygidium three times as wide as long, with gently convex pleural fields, and a well-defined 
flat to gently convex border. Axis occupies one-third or less of pygidial width at anterior 
margin, and this width exceeds its length; posterior taper very gentle to broadly rounded tip at 
border furrow. Although the half-ring is prominent no axial rings are defined. Posterior border 
widest posterolaterally. Doublure coincident with border, carrying very sparse terrace ridges. 


Discussion. Although the Lake District specimen is not well preserved it is clearly identical to 
the species from the Llanfallteg Formation and from Shropshire. The latter was originally 
described with the specific name brevicaudatum Whittard. Whittard (1966) described the thorax 
of the articulated specimen from the Hope Shales as 'almost barrel-shaped'. We regard this 
Observation as mistaken, because the barrel-like appearance of Whittard's pl. 50, fig. 10 is 
produced by partial breakage of the thoracic axis at its anterior end. Comparison of all this 
material with the type of obtusicaudatus Hicks is more difficult because of the imperfect preser- 
vation of the unique specimen from Llanvirn quarry. It is, however, certainly a Gastropolus, 
showing the six segments, transverse pygidium and short pygidial axis typical of the genus. The 
pygidial pleural fields are slightly less transversely extended but it is doubtful whether much 
importance can be attached to this in view of the degree of distortion often found in Llanvirn 
quarry specimens. Since almost all the species originally described by Hicks from Llanvirn 
quarry have also been recognized in the early Llanvirn of the Llanfallteg Formation it is likely 
that this applies to the Gastropolus as well. We have one fragment of a thorax and pygidium 
from Llanfallteg which appears to be more similar to Hicks' specimen. We therefore feel obliged 
to use the Hicks name for all these early Llanvirn Gastropolus specimens, and G. brevicaudatum 
Whittard accordingly becomes a subjective junior synonym of obtusicaudatus Hicks. 

Gastropolus mirabilis (Apollonov) from the upper Ordovician of Kazakhstan is known from 
pygidia which appear to be indistinguishable from those of G. obtusicaudatus. Apollonov (1974: 
pl. 3, figs 10, 11) figured a cephalon as ‘Cyclopygidae gen.’ which is of the appropriate kind to 
belong with the Gastropolus pygidia, and which has even wider triangular fixed cheeks than G. 
brevicaudatum. His ‘gen. et sp. indet 2' (1974: pl. 21, fig. 11) 1s a transitory pygidium with 3 
thoracic segments which is likely to be that of Gastropolus. 


Fig. 43 Reconstruction of axial shield of Gastro- 
polus obtusicaudatus (Hicks), x 3 approx. 
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Genus MICROPARIA Hawle & Corda 1847 
TYPE SPECIES. Microparia speciosa Hawle & Corda 1847, by original designation. 


DIAGNOSIS. Middle-sized cyclopygids with five thoracic segments. Cranidium with parabolic 
outline, lacking incised glabellar furrows. Front of glabella never extended into a long ‘nose’, 
and cephalic doublure correspondingly short (sag.) Eyes extend almost whole length of crani- 
dium and may become fused anteriorly. Pygidium usually with weakly-defined border best 
developed posterolaterally; doublure narrow to wide. Pygidial axis wide and short, not convex 
(tr.), either poorly defined, with up to one or two rings weakly indicated (subgenus Microparia), 
or clearly defined with three axial rings and a minute triangular terminal piece (subgenus 
Heterocyclopyge). 


DISCUSSION. Our concept of Microparia differs in some respects from that of Marek (1961). We 
exclude from the genus those large cyclopygids with six thoracic segments and a long glabellar 
‘nose’ which are placed in Degamella or Novakella herein. On the other hand we include 
Heterocyclopyge Marek 1961, as a subgenus of Microparia. Marek originally discriminated 
Heterocyclopyge from Microparia on the basis of its “almost subtetragonal pygidium, with the 
pygidial axis distinctly defined. The close relationship between Microparia and Heterocyclopyge 
is demonstrated by M. broeggeri from south Wales, described below. In that species there is 
variation in the definition of the pygidial axis, which is posteriorly effaced in the majority of 
specimens, and typical of Microparia, but in others is defined almost to the tip (Fig. 44d); the 
pygidium is long (sag. compared with many Microparia spp. Variation within M. broeggeri 
bridges the characters of Microparia and Heterocyclopyge rather well. The two morphologies 
appear to separate in the Llanvirn and later. It may be that M. broeggeri is one of the rare 
examples where an ancestral species can be identified. In any case it proves that Microparia and 
Heterocyclopyge are more closely related to one another than to Degamella or Novakella, and 
subgeneric status for Heterocyclopyge is used to express this relationship. 

Zhou (1977) proposed a subgenus Microparia (Quadratapyge) for cyclopygids with five 
thoracic segments, well-defined, short pygidial axis, and very wide flattened border. This pygi- 
dial morphology is more different from that of Microparia (Microparia) than that of Microparia 
(Heterocyclopyge), and if further species of Quadratapyge can be recognized it may warrant full 
generic status. 


Subgenus MICROPARIA Hawle & Corda 1847 
DIAGNOSIS. Microparia with pygidial axis only clearly defined anteriorly, if at all. 


Microparia (Microparia) broeggeri (Holub 1912) 
(Figs 44a-e, 45a-e, 48) 


1912  Aeglina bróggeri Holub: 7; pl. 1, fig. 8. 
1961  Microparia (Microparia) bróggeri (Holub) Marek: 45; pl. 3, fig. 16. 


TYPE LOCALITY. Klabava Formation, Arenig, Bohemia. 


FIGURED MATERIAL. Axial shields: It.18551, 1t.18586, 1t.15933; pygidia: 1t.19617, 1t.15934—5; free 
cheek: It.19626. 


OTHER MATERIAL. 1t.18588—99, It.18617, It.15936, NMW 84.17G.45-52. 


STRATIGRAPHICAL RANGE. Upper Arenig, Fennian. Widely distributed through the upper part of 
the Pontyfenni Formation, Bergamia rushtoni Biozone, Llwyn-crwn, Pontyfenni, etc.; north 
Wales, west side of Nant-y-Gadwen, Llŷn. 


DESCRIPTION. Axial shields are approximately twice as long as wide; on the best preserved 
dorsal exoskeleton the cranidium accounts for 0-43 of total length, and the thorax 0:25 of total 
length, with the pygidium 0-32 of total length. In other specimens the cranidium can occupy 
0:40 of the dorsal length; the thorax is invariably shorter than the pygidium. All specimens 
have suffered some degree of flattening; because Microparia spp. do not have much convexity, 
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Fig. 44 a-e, Microparia (Microparia) broeggeri (Holub 1912). Upper Arenig, Fennian. a, axial shield, 
Pontyfenni Formation, B. rushtoni Biozone, loc. 24, x 3, It.18551; b, cast from dorsal exoskeleton, 
comparing with Holub's original, locality as Fig. 44a, fifth thoracic segment partly concealed beneath 
cephalon, x 3, 1t.18586; c, cast from axial shield in presumed moult arrangement, loc. 24, x 4, 
It.15934; d, cast from axial shield of slightly distorted specimen, B. rushtoni Biozone, loc. 23, x 4, 
1t.15933; e, axial shield of largest specimen, with more elongate cranidium, x 3, 1t.19617; f, M. 
(Microparia) aff. broeggeri, stratigraphically young specimen with slightly better definition of 
pygidial axis, Llanfallteg Formation, loc. 52E, Dionide levigena Biozone, x 4,1t.19624. 
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except at the front of the cranidium, it is thought that the proportions have not been altered. 
No doubt the free cheeks hung down almost vertically from the sides of the cranidium as they 
do in other species. 

Cranidium with the broadly arcuate outline typical of the genus, and virtually featureless; 
widest posteriorly; length/width ratios somewhat variable, ranging between 1:3 and 0-75 with a 
mean of 1-0. Palpebral rims do not extend very far back; posterolaterally on the cranidium 
there are slightly inflated subtriangular areas presumably representing relict fixed cheeks. Free 
cheeks consisting of large oval eyes connected by united doublure, not closely approaching 
mid-line in front, with a small section of border posteriorly. Cephalic surface smooth except for 
fine lines close to, and parallel to, the margin of the cranidium. One specimen (Fig. 45b) shows 
the cephalic doublure with the hypostoma in place. 

Thorax of five segments, parallel-sided or expanding in width slightly backwards; axial taper 
slight over first three segments, more rapid over posterior two. Half-rings about one-third 
sagittal length of axial rings. Pleurae bluntly spinose, point of articulation remaining quite close 
to axis. Dorsal surface of axial rings carry about six raised lines near posterior margins, which 
are also present on the posterior part of the pleurae. 

Pygidium generally about two-thirds as long as wide, but highly variable (length/width ratio 
in range 0:60 to 0:83); outline broadly arcuate, larger examples showing tendency to become 
triangular (Fig. 45d). Pygidial axis occupies 0:44-0:48 of pygidial width at anterior margin, 
where it is defined by a prominent rim-like half-ring, tapering backwards quite rapidly, axial 
furrows enclosing an angle of about 60^. On most examples the axis becomes effaced pos- 
teriorly, but on the large specimen (Fig. 44a) it is traceable to beyond half pygidial length and 
almost to its tip. One axial ring is discernible on all but the most completely flattened speci- 
mens, of similar length (sag.) to the axial rings on the thorax, and defined either by a complete 
ring furrow or by a pair of depressions representing its outer ends. Faint indications of a 
second ring on many specimens. Narrow border, present only laterally, present as a rather 
poorly defined flattened area on most specimens, but can appear as a narrow, gently convex 
rim on some flattened material. Pygidial doublure widens backwards to a maximum on mid- 
line of about one-quarter pygidial length, and on exterior surface carries 7-10 terrace ridges, 
which can appear on dorsal surface of composite moulds. Apart from anterior furrow pleural 
fields are smooth, or with two or three pairs of obscure ridges indicating segmentation. 


DISCUSSION. The holotype and only known Bohemian specimen of Microparia broeggeri is lost, 
according to Marek (1961). We have to rely on Holub's (1912: pl. 1, fig. 8) figure to characterize 
the species. This does, however, clearly show features which can be matched on the numerous 
specimens from the Pontyfenni Formation: the pygidium slightly longer than the thorax with a 
deeply rounded outline; effaced pygidial axis with only the first ring defined by a pair of lateral 
impressions. Holub's figure also shows a slight increase in the transverse width of the thorax 
backwards, which can be matched on the specimen shown in Fig. 45c. Given the otherwise 
conservative morphology of Microparia these shared similarities are likely to be of specific 
significance, and Holub's name is accordingly used for our new material from south Wales. It is 
like the type species, M. speciosa (e.g Marek 1961: pl. 3, figs 5-10; in Horny & Bastl 1970: pl. 7, 
fig. 1; Kielan 1960: pl. 10, fig. 6), of Ashgill age, which is distinguished mainly by its relatively 
transverse pygidium, with a wider axis and relatively effaced pygidial axis. 

The other Bohemian species revised by Marek (1961) include M. brachycephala (Kloucek 
1916), a species in which the maximum cranidial width exceeds the sagittal length in dorsal 
view, and the pygidial doublure is broader than in M. broeggeri, and M. prantli Marek 1961, 
which has thorax and pygidium equal in length, and the cranidium is produced into a distinct 
‘nose’. The closest species is probably M. plasi Marek 1961, from the Dobrativá Formation 
(Llandeilo), which is very similar to M. broeggeri in the relative lengths of cephalon, thorax and 
pygidium, degree of effacement, and width of pygidial doublure. Marek (1961: 44) notes the 
presence of three faint pairs of cephalic muscle impressions; their absence on the Arenig 
material from Wales could well be a matter of preservation. The distinguishing character is in 
the shape of the cranidium, which is widest not at the posterior margin, as in M. broeggeri, but 
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Fig. 45 a-e, Microparia (Microparia) broeggeri (Holub 1912). Upper Arenig, Fennian, B. rushtoni 
Biozone, Pontyfenni Formation, loc. 24. a, small thorax and pygidium, most transverse specimen, 
x 6, It.19625; b, fused cheeks and hypostoma, x 3, 1t.19626; c, small specimen comparing with 
Holub's type specimen, x 4, 1t.15931; d, large pygidium showing tendency to elongate-triangular 
shape, x 3,1t.15934; e, cast of pygidium, loc. 24, x 6, 1t.15935. f, Microparia (Microparia) boia (Hicks 
1875). Middle Arenig, Whitlandian, G. gibbsii Biozone, Pwlluog, north of Whitesand Bay, St David's, 
Dyfed. Holotype, axial shield with cranidium displaced over thorax, x 4, SM A16731. 


some distance in front, both palpebral lobes and axial furrows being bowed outwards, rather in 
the manner of Pricyclopyge. 

Rushton & Hughes (1981) suggested that M. plasi might prove to be a junior synonym of M. 
(Heterocyclopyge) shelvensis Whittard 1961, from the Llanvirn of Shropshire, attributing the 
better definition of the pygidial axis and its rings on the holotype of that species to 'frontal 
compression' in the preservation. In our view this is not probable; the good definition of the 
pygidial axis is the critical character of Heterocyclopyge (see above), to which shelvensis should 
be referred. There are three specimens of M. (H.) shelvensis in the collections of the British 
Museum (Natural History) and the axial furrows are deep on all of them. The form described as 
M. cf. shelvensis from the Great Paxton borehole has an effaced pygidial axis, and also shows a 
forward expansion on the cranidium (Rushton & Hughes 1981: pl. 3, fig. 7), which in our view 
renders it indistinguishable from Microparia (Microparia) plasi, except perhaps for a slightly 
more rapid taper on the pygidial axis. Of Whittard's (1940: pl. 5, figs 6-8) original figured 
material all except the subsequently designated holotype of M. shelvensis are more like M. plasi. 

Microparia (Microparia) major (Salter 1853) is a well-preserved, unique specimen of a thorax 
and pygidium from a probable late Llandeilo locality in Anglesey. It is virtually without a 
pygidial border, and has a very narrow doublure, and hence is quite different from M. (M.) 
broeggeri; it may prove to be a senior synonym of M. (M.) lusca Marek 1961. 

As discussed above, the definition of the pygidial axis on M. (M.) broeggeri is somewhat 
variable, and the species forms a link between Microparia (Microparia) and M. 
(Heterocyclopyge). The stratigraphically youngest specimen we have recovered is from the 
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Llanfallteg Formation (Fig. 44f) and on this specimen the axis is visible almost to its tip. It is 
almost intermediate between M. broeggeri and M. shelvensis, although the weak development 
of the border is like the Arenig species. We refer to it as M. aff. broeggeri. 


Microparia (Microparia) porrecta sp. nov. 
(Figs 46a-d, 47) 
HOLOTYPE. Pygidium, BGS Pr1940. 
PARATYPES. Cranidium with three thoracic segments It.19630; cranidium It.1963). 


TYPE LOCALITY AND HORIZON. ‘Roadside 200 yd E by S of Llan, 3 mile NE of Llanfallteg railway 
station' (Geol. Survey loc. W49); Llanfallteg Formation, uppermost Arenig part. 


STRATIGRAPHICAL RANGE. The paratypes are from the earliest Llanvirn part of the Llanfallteg 
Formation at Cefn-maen-Llwyd farmyard, and from the Upper Arenig (Fennian, Biozone of 
Bergamia rushtoni) of the type locality of the Pontyfenni Formation, loc. 23, respectively. 


DIAGNOSIS. Microparia with cranidium 1:5 times wider than long, and palpebral rims not 
extending far back; pygidium more than 2:5 times wider than long, axis not defined, and with 
broad doublure. 


NAME. ‘Extended’. 


DESCRIPTION. No complete specimen of this species is known, but the association of the very 
wide cranidia with the transverse pygidium is probable. We have nominated the pygidium as 
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Fig. 46 Microparia (Microparia) porrecta sp. nov. a, cranidium and three thoracic segments, Llanfall- 
teg Formation, early Llanvirn, D. artus Biozone, loc. 50, x 4, It.19630; b, cranidium, preserved with 
natural relief, Pontyfenni Formation, upper Arenig, Fennian, B. rushtoni Biozone, loc. 23, x 6, 
It.19631; c, d, pygidium with 2 thoracic segment tips, Llanfallteg Formation, latest Arenig, D. 
levigena Biozone, Geological Survey locality WA9 (Strahan et al. 1914: 20), holotype BGS Pr1940, 
dorsal, x 8, and posterior, x 6, views respectively. 
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holotype because it differs from that of any other cyclopygid. The cranidium is wider than any 
Microparia species but does not differ in structure. Maximum cranidial width is attained some 
distance in front of the posterior cranidial margin, this being one and a half times the sagittal 
length, or shghtly more. The specimen from the Pontyfenni is preserved in relief, showing very 
gentle transverse convexity, but a steep downward slope around the edge of the forward 
cranidial margin. Palpebral rims are comparatively well defined anteriorly, where they are 
narrow and tucked beneath the frontal part of the median cephalic lobe; backwards they are 
wider but become fainter, being hardly discernable behind the point of maximum cranidial 
width. However, the pleuroccipital furrows are faintly indicated at the posterior cranidial 
margin, indicating that the glabella there occupies about three-fifths the maximum cranidial 
width. 

Only the first three thoracic segments are preserved, but we have based the reconstruction 
(Fig. 47) on the assumption that there were five segments as in all Microparia. The axis is very 
wide; on the anterior segment the pleurae are only about one-third the axial width (tr.). 
Otherwise the thoracic structure is as conservative as in other cyclopygids. The first thoracic 
ring shows well the characteristic sagittal elongation of the first articulating half ring. 

The transverse pygidium has a gently arcuate posterior outline, and wide, weak border only 
developed laterally. There is no trace of the axis, but some indication of its extent is given by 
the inward extension of the narrow (exsag.) facets, which show that it occupied about half the 
pygidial width. Doublure wide, occupying more than a third of the sagittal length, and slightly 
wider laterally, carrying 7-8 terrace lines. 


Discussion. The cranidium from the Pontyfenni Formation is so like that from the Llanfallteg 
Formation that it is likely the one species ranges from the Fennian into the earliest Llanvirn. It 
is such a distinctive form that the possibility of its generic separation from Microparia was 
considered. However, it is best regarded as a Microparia in which transverse extension has 
reached an extreme development, while it retains the structures of the cranidium and pygidium 
seen on other members of the genus. It is a homoeomorph of Emmrichops and Gastropolus, but 
in our view is closely related to neither of these genera. The width of the cranidium and 
pygidium distinguishes M. porrecta from any other species of Microparia. 


Fig. 47 Reconstruction of axial shield of Micro- 
paria (Microparia) porrecta sp. nov., x 3 approx. 


170 R. A. FORTEY & R. M. OWENS 


Microparia (Microparia) teretis sp. nov. 
(Figs 48, 49) 


HoLoTYPE. Axial shield, BGS Pr1991. 


PARATYPES. Incomplete dorsal exoskeleton SM A44523; cranidium 1t.19634; pygidia 1t.19632— 
3, NM W 84.17G.54-55; free cheek 1t.19706; thorax and pygidium NMW 84.17G.53. 


TYPE LOCALITY AND HORIZON. Llanfallteg Formation, Rhyd-y-wrách, near Llanfallteg; earliest 
Llanvirn. 


STRATIGRAPHICAL RANGE. Llanfallteg Formation, spanning the Arenig-Llanvirn boundary. 
Type section, 20 m below boundary (52L); earliest Llanvirn of locs 50, 52; and Scolton railway 
cutting, loc. 55. 


DIAGNOSIS. Microparia with broadly oval exoskeleton less than twice as long as wide; thorax 
and pygidium about equal in length, and cranidium not greatly longer. Cranidium broad (tr.) 
for genus, poorly defined palpebral rims. Pygidium almost twice as wide as long with relatively 
wide border which is distinctly defined laterally. 


NAME. 'Smoothed off’. 


DESCRIPTION. The holotype preserves what 1s probably the original convexity: low transversely, 
with a gently swollen cranidium, narrowly but steeply down-turned around its anterior edge. 
The exoskeleton is less elongate than Microparia broeggeri, width across the mid-part of the 
thorax more than half sagittal length. Cranidial outline is very broadly and gently rounded 
about mid-line, cranidial length only about two-thirds width (length/width ratio in the range 
0-62-0-75). Maximum cranidial width achieved shortly in front of posterior cranidial margin. 
Otherwise dorsal cranidial surface is devoid of features; specimens do not show palpebral rims. 


Fig. 48 Reconstructions of dorsal exoskeleton of Microparia (Microparia) broeggeri (Holub), left, and 
axial shield of M. (Microparia) teretis sp. nov., right, both x 3 approx. 


ARENIG IN SOUTH WALES 171 


We presume that a gently curved eye belongs here, which has a short postocular border like 
most Microparia spp. Facial sutures evenly curved except for a short sigmoidal curve at 
posterior margin. Glabellar tubercle at two-thirds cranidial length. 

Thorax about two-thirds cephalic length. Broad axis about three-fifths cranidial width at first 
segment, with YS oo: posterior Kays Pygidium of about ME same Mur (sag.) as the 


Fig. 49 Microparia (Microparia) teretis sp. nov. Llanfallteg Formation. a, holotype, axial shield, early 
Llanvirn, D. artus Biozone, loc. 50, x 3, BGS Pr{991; b, c, pygidium with one thoracic segment, 
internal mould and latex cast from counterpart external mould to show sculpture, loc. 50, x 6, 
1t.19632; d, cranidium and thorax, slightly distorted, loc. 55, x 6, SM A44523; e, small pygidium, loc. 
52E, latest Arenig, D. levigena Biozone, x 6, It.19633. 
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thorax, and almost twice as wide as long. Axis poorly defined, but rapidly tapering, as in most 
Microparia spp. Three axial segments are faintly indicated on the holotype. The border is 
relatively well defined and gently convex anterolaterally, wide, and widening backwards until it 
becomes obscure postaxially. Doublure also widens backwards to midline, at its widest about 
one-quarter of pygidial length. 

Dorsal surface is almost without sculpture; there are a few terrace lines on the thoracic axial 
rings, and fine, subtransverse terrace ridges on the posterior part of the pygidium. The pygidial 
doublure carries about eight stronger terrace ridges. 


DISCUSSION. This Microparia is distinguished from most others, including the type species, by 
its very broad and gently rounded cranidium lacking distinct palpebral rims. Of the Bohemian 
species revised by Marek (1961) it is closest to the Llandeilo M. brachycephala (Kloucek 1916), 
which is itself distinguished from the type species, M. speciosa, by a relatively broad cranidium. 
Marek's figures and measurements show that the length/width ratio of the cranidium of M. 
brachycephala is in only just less than 1, whereas the comparable ratio in M. teretis is less than 
0-8. The pygidial doublure of M. brachycephala is wider, and the palpebral rims are better 
defined. M. laevis Whittard, 1961a, has an even wider cranidium than M. teretis, and the 
pygidial border is narrow and distinctly flattened. M. porrecta sp. nov. (p. 168) also has a wider 
cranidium, and the pygidium is altogether more transverse. Pricyclopyge wattisoni Hughes 
1979, from the Lower Llandeilo of Builth, is very like Microparia brachycephala, and it would 
be difficult to refer it to any genus other than Microparia unless the six-segment thorax 
(Hughes 1979: fig. 5) could be proved to belong. The pygidium illustrated by Hughes (1979: fig. 
8) is more transverse than that of large M. teretis, and with narrow lateral borders, but it 
resembles the smaller examples of our species more closely (Fig. 49e). Its axis is much narrower, 
however, and distinctly defined anteriorly. 

It is interesting to note some resemblance between M. teretis and the small specimens (not 
the large holotype) of 'M.' nudus Whittard, 1961a, here assigned to Degamella. The degree 5 
meraspis (Whittard 1961a: pl. 24, fig. 9) has a very wide cranidium, like M. teretis. There is of 
course no question of our large specimens being meraspides. Even the small nudus specimens 
are distinguished by their wide pygidial doublures and gently tapering pygidial axes. 


Microparia (Microparia) boia (Hicks 1875) 
(Fig. 45f) 
1875  Aeglina Boia Hicks: 185; pl. 10, figs 9, 9a. 
1939b Gallagnostoides boia (Hicks) Kobayashi: 580. 
1961a Cyclopyge boia (Hicks) Whittard: 179. 


HoLoTYPE. Crushed and slightly distorted axial shield, SM A16731. 
TYPE LOCALITY. Whitlandian of the old quarry north of Whitesand Bay, St David's. 


STRATIGRAPHICAL RANGE. Only known from the type locality, Whitlandian, biozone of Gym- 
nostomix gibbsii. 


OTHER MATERIAL. Axial shield, GSM 8689. 


DISCUSSION. This species is known from imperfect material from the type locality; attempts to 
recover it from the mudstone facies of the Whitlandian have not been successful. It is of some 
interest as the earliest Microparia. The holotype has the cranidium displaced backwards over 
the front of the thorax. Even so traces of three and possibly four thoracic segments can be seen. 
Kobayashi (1939b) presumably based his determination of the specimen as representing a new 
agnostid genus on Hicks' schematic figure. The species is generally like M. broeggeri (Holub) 
(p. 164), and Hicks’ name would, of course, have priority over Holub's if it were conspecific. 
Several features suggest that this is not the case. There is no trace of the pygidial axial furrows 
on M. boia. Since the half-ring and anterior pygidial pleural furrows are discernible, one would 
expect the axial furrows to be preserved also if they had been defined. There appears to be no 
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lateral pygidial border, and the doublure, clearly shown on the holotype, is narrower. Although 
M. boia is probably distinct from M. broeggeri, we cannot give a satisfactory diagnosis of the 
species on the basis of the material known at present. 


Microparia? sp. indet. 1 
(Fig. 50) 


MATERIAL. Incomplete axial shield 1t.19635, from the type locality of the Pontyfenni Forma- 
tion, loc. 23. 


STRATIGRAPHICAL RANGE. Fennian, Upper Arenig, biozone of Bergamia rushtoni. 


Discussion. This species is known from only one specimen, but is obviously distinct from 
Microparia broeggeri (Holub) from the same horizon. The cranidium is wider than long, and 
the front of the glabella is broadly rounded, almost semicircular, carrying a conspicuous 
sculpture of incised lines running parallel to the cranidial margin. The axial furrows take an 
inward bend at about cranidial mid-length, thereby defining a long (exsag.), narrow fixed cheek, 
but they fade out well before the posterior cranidial margin. The thorax shows five segments of 
usual Microparia type. The pygidium is incomplete, but what there is shows that the axis was 
probably not defined dorsally, and that there was a distinct border, at least laterally. 

The broadly rounded frontal glabellar lobe, and the inward curve of the axial furrows, is very 
different from M. broeggeri, and indeed other Microparia species. M. teretis also has a wide 
cranidium, but it is featureless, without sculpture or distinct furrows. Later species of Degamella 
tend to have axial furrows which take an inward bend, and this is associated with smaller eyes 
than is usual for cyclopygids. However Microparia sp. indet. | is not related to Degamella, 
because it lacks a cranidial ‘nose’ and has five thoracic segments. It is certainly a new species, 
and may even be generically distinct from Microparia, but we have too little material to name it 
formally. 


Fig. 50  Microparia? sp. indet. 1. Pontyfenni For- 
mation, Upper Arenig, Fennian, Bergamia rush- 
toni Biozone, loc. 23, imperfect axial shield, x 5, 
It.19635. 
Fig. 51  Microparia (Heterocyclopyge?) sp. indet. 
Pontyfenni Formation, Fennian, B. rushtoni 
50 Biozone, loc. 23, x 6, BGS Pr579. 
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Subgenus HETEROCYCLOPYGE Marek 1961 
TYPE SPECIES. Cyclopyge pachycephala Hawle & Corda 1847. 
DIAGNOSIS. Microparia species with a well-defined pygidial axis. 


Microparia (Heterocyclopyge?) sp. indet. 
(Fig. 51) 


MATERIAL. Pygidium with three displaced thoracic segments, BGS Pr579. 


STRATIGRAPHICAL RANGE. Pontyfenni Formation, loc. 23; Upper Arenig, Fennian, B. rushtoni 
Biozone. 


DISCUSSION. This single specimen cannot be formally named. The pygidium is at once distin- 
guished from that of Microparia (Microparia) broeggeri (Holub) by its narrow axis and deep 
axial furrows, except at the tip. It is thus closest to Heterocyclopyge as defined here. However it 
also differs from Microparia (Heterocyclopyge) pachycephala (Hawle & Corda) and M. (H.) 
shelvensis Whittard in that the axial rings are not defined, so that even its inclusion in Hetero- 
cyclopyge is uncertain. The doublure appears to be narrow, and the border ill-defined. See 
Circulocrania orbissima gen. et sp. nov., pp. 186-7. 


Genus NOVAKELLA Whittard 1961a 
(= Incisopyge Pillet & Courtessole 1985: 213) 


TYPE SPECIES. Aeglina bergeroni Novák, in Novák & Perner 1918, by original designation; 
authorship discussed in Whittard, 1961a: 170, 1966: 285. 


DisCUSSION. We recognize Novakella as a genus distinguished from Degamella by its deep, 
slit-like glabellar furrows, which are visible even on flattened material. Other dorsal furrows are 
also generally deep, for example axial rings and pleural furrows on the pygidium. On the type 
species the glabellar furrows are perhaps less incised than they are in N. copei sp. nov. or N. 
incisa Whittard, but they are quite clearly of the same form (Marek 1961: pl. 4, fig. 11). The 
genus Incisopyge Pillet & Courtessole 1985, with N. incisa as type species, is diagnosed in the 
same way as Novakella herein, of which it is considered a subjective synonym. 


Novakella copei sp. nov. 
(Figs 52a-d) 


1885  Aeglina sp.; Postlethwaite: pl. 3, fig. 15. 

1886  Aeglina sp.; Postlethwaite & Goodchild: 463: pl. 8, fig. 15. 

HoLorvPr. Axial shield It.15937. 

PARATYPES. Cranidium It.19637; pygidium It.19638; axial shield GSM 32833. 
TYPE LOCALITY AND HORIZON. Llanfallteg Formation, earliest Llanvirn of loc. 50. 


STRATIGRAPHICAL RANGE. From the Llanfallteg Formation, the species occurs in the type 
section below the Llanvirn boundary, and at the type locality just above the boundary. A 
specimen from the Lake District recorded as ‘Skiddaw’ is presumably of Upper Arenig 
(Fennian) age there. 


Name. For Dr J. C. W. Cope, who has assisted the authors in countless ways during the 
research for this paper. 


DIAGNOSIS. Novakella with relatively short, bluntly rounded cranidium; pygidium triangular, 
border ill-defined, with about four pairs of pleural furrows, and rapidly tapering axis. 


DESCRIPTION. Exoskeleton twice as long as wide, the thorax and pygidium being subequal in 
length and each about 0-6 that of cranidium. Specimens are flattened, and characters such as 
the depth of furrows may have been affected by this, but flattening will not have affected the 
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Fig. 52. Novakella copei sp. nov. a, holotype, axial shield, Llanfallteg Formation, loc. 50, early 
Llanvirn, D. artus Biozone, x 2, 1t.15937; b, pygidium showing doublure, locality as Fig. 52a, x 2, 
1t.19638; c, latex cast from fragmentary cranidium, Llanfallteg Formation, loc. 52V, latest Arenig, 
Fennian, Dionide levigena Biozone, x 2, 1t.19637; d, small poorly preserved axial shield, Skiddaw 
Slates of ‘Skiddaw’, original of Postlethwaite 1885: pl. 3, fig. 15, x 4, GSM 32833. 


broadly rounded outline of the front of the cranidium, which is almost semicircular. Maximum 
cranidial width is at its posterior margin and this just exceeds the sag. length. Axial furrows 
weakly defined posteriorly, such that the short, triangular postocular cheeks are hardly distin- 
guishable from the glabella. Three pairs of glabellar furrows of usual form for Novakella, with 
2P longest and 3P most forward-inclined. Narrow, gutter-like palpebral rims extend backwards 
as far as the outer ends of 2P. Free cheeks not known. 

Six thoracic segments, pleurae widening progressively backwards. Articulation on first 
segment close to axial furrow and further removed therefrom on posterior segments. Pleural 
furrows distinctly defined, nearly reaching tips of pleurae. Pleural terminations are distinctly 
truncate. 

Pygidium broadly triangular, almost twice as wide as long. At least in the flattened preser- 
vation the border is not conspicuously flattened, but may have been more so in full relief. Four 
pairs of rather broad pleural furrows are defined, with indications of a weak fifth pair. Axis 
sharply conical, axial furrows including an angle of 40°-45°, and extending to two-thirds 
pygidial length; five (a faint sixth) axial rings are defined, which become progressively shorter 
(sag.) posteriorly; small terminal piece forms an almost equilateral triangle. Surface apparently 
lacking any sculpture. 


176 R. A. FORTEY & R. M. OWENS 


DiscussioN. Novakella is a very rare genus, and the holotype of the new species is one of the 
best preserved specimens known. N. copei is easily distinguished from the type species, N. 
bergeroni, from the Llanvirn Sárka Formation of Bohemia and the Hope Shales, Shropshire 
(Marek 1961: 50—52; pl. 4, figs 10-15; Whittard 1961a: pl. 23, fig. 5), which has an extended 
glabellar ‘nose’ making the cranidium longer than wide, and a semicircular, rather effaced 
pygidium. Novakella incisa Whittard, 1961a (:170; pl. 23, fig. 6) is known from a single speci- 
men from the Hope Shales; compared with the holotype of N. copei the glabella is less broadly 
rounded anteriorly and clearly defined posteriorly; the 3P glabellar furrows are more strongly 
forward-directed; the pygidium has a narrow, more gently tapering axis and six pairs of 
clearly-defined pleural furrows. However, it should be noted that Whittard's holotype is smaller 
than ours, and it is likely that the relative depth of the furrows, for example, is a function of 
size; our smaller cranidium is more like N. incisa in its cephalic furrows (Fig. 52c) The 
difference in cranidial outline, and the shape and width of the pygidial axis, may be better 
specific characters. A smaller specimen of N. copei from the Lake District supports this; it is 
poorly preserved, but it shows that the pygidial axis was like that of copei rather than incisa at 
this size, and the glabellar front is broadly rounded. 


Genus PROSPECTATRIX Fortey 1981 
TYPE SPECIES. Cyclopyge genatenta Stubblefield 1927, by original designation. 
DIAGNOSIS. See Fortey 1981: 611. 


Prospectatrix cf. superciliata (Dean 1973b) 
(Fig. 53) 


cf. 1973b Pricyclopyge superciliata Dean: 314—316; pl. 6, figs 2, 4, 6, 8, 9, 14. 
TvPE LOCALITY AND HORIZON. Sobova Formation, Taurus Mountains, Turkey; late Arenig. 


OCCURRENCE IN WALES. Pontyfenni Formation, Upper Arenig, Fennian, biozone of Bergamia 
rushtoni; (rom type locality of Pontyfenni Formation and Capel-Dewi, loc. 20E. 


MATERIAL. Cephalon NMW 84.17G.56; free cheek NMW 85.7G.16. 


DISCUSSION. A single specimen of a cephalon from the Pontyfenni Formation is preserved in 
partial relief, with the forward part of the median cephalic lobe partly filled by a siliceous 
nodule; it is the posterior boundary of this nodule which produces the appearance of a trans- 
glabellar furrow. As its irregularity shows, this is an artefact of preservation. Prospectatrix is 
the most primitive cyclopygid known, with long (exsag.) relict fixed cheeks. When redescribing 
the type species from the Tremadoc of Shropshire and Wales, Fortey (1981: 612) suggested that 
the species superciliata Dean might also be referred to the same genus, which is confirmed by 
the new specimen from Wales. The course of the axial furrow is shown on the right-hand side 
of the specimen, the eye having been partly pushed over the cranidial margin. The Welsh 


Fig. 53 Prospectatrix cf. superciliata (Dean 
1973). Cephalon. Apparent transglabellar 
furrow is an artefact of preservation, as forward 
part of glabella is preserved within a nodule; 
course of axial furrow shown on right with 
fixigena over which the eye has been displaced. 
Upper Arenig, Fennian, B. rushtoni Biozone, 
Pontyfenni Formation, loc. 23, x 6, NMW 
84.17G.56. 
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specimen is very like the holotype figured by Dean (1973: pl. 6, figs 2, 6, 8) from the Sobova 
Formation. P. superciliata is distinguished from P. genatenta in having fixed cheeks only about 
half (tr.) as wide, and in the broadly rounded frontal glabellar lobe. The Welsh specimen could 
be considered conspecific with the Turkish species on these criteria. A small difference is that 
our cephalon shows a sculpture of fine lines around the front of the glabella, as in many other 
cyclopygids; because the Turkish material is exfoliated we cannot say whether the same kind of 
sculpture was present. Accordingly, we are obliged to qualify our determination of P. supercili- 
ata. Dean (1973: 343) gives the type locality of P. superciliata an early Arenig age assignment, 
and if this is correct there is a significant age difference between the Turkish and Welsh 
occurrences. 


Genus SAGAVIA Koroleva 1967 
TYPE SPECIES. Sagavia felix Koroleva 1967, by original designation. 


Discussion. The type species of Sagavia has been reported from the upper Middle Ordovician 
of Kazakhstan (Koroleva 1967, 1982) and Uzbekistan (Abdullaev 1972); another species, S. 
elongata, was described by Petrunina (1975) from southern Tien Shan. Sagavia is distinguished 
from Microparia by its well-defined pygidial axis, and relatively broad and well-defined pygidial 
border; the cranidium is parallel-sided and subrectangular rather than broadly arcuate in 
outline. Heterocyclopyge Marek 1961 also has a well-defined pygidial axis, but in that genus the 
cranidium is Microparia-like and there is no distinct pygidial border. Two well-preserved 
cyclopygid exoskeletons (lacking free cheeks) from the Arenig of south Wales are immediately 
distinguishable from Microparia and Degamella species in the Fenni Formation by their wide 
and well-defined pygidial borders. This species differs from previously described Sagavia species 
in several details, however: the pygidial axis is not so clearly defined posteriorly, and the 
cranidium is elongate-arcuate im outline, more like that of Degamella. There are five thoracic 
segments, like Sagavia, while Degamella has six. With this combination of characters its generic 
assignment is difficult. Variation in the shape of the cephalic lobe is known within genera in the 
cyclopygids, as in Pricyclopyge, and it seems reasonable, therefore, to emphasize the broad 
pygidial border in the generic placing. On this interpretation, the structure of the pygidial axis 
is then presumably primitive, indicating a common ancestry of Sagavia and Microparia or 
Degamella. 


Sagavia glans sp. nov. 
(Figs 54a-c, 55) 


HororvPrr. Well-preserved exoskeleton lacking free cheeks, BGS Pr574—5. 

PARATYPES. Dorsal exoskeleton 1t.19640; thorax and pygidium, It.19641; pygidium, It.19642. 
TYPE LOCALITY AND HORIZON. Pontyfenni Formation, type locality at Pontyfenni. 
STRATIGRAPHICAL RANGE. Upper Arenig, Fennian. 

NAME. ‘A bullet or projectile’, referring to the shape of the cranidium. 


DIAGNOSIS. A Sagavia species with cranidial outline more deeply arcuate than other species of 
the genus; pygidial axis not defined posteriorly; pygidial border widening backwards. 


DESCRIPTION. Like most of the specimens from the type locality of the Pontyfenni Formation 
the holotype has escaped much distortion, and other specimens have similar proportions. The 
elongate-oval outline of the exoskeleton was thus presumably original—the exoskeleton is three 
times as long as wide. Thorax slightly shorter than pygidium (sag.), which attains nearly 
three-quarters of cephalic length. 

Cranidium 1:3 times as long as wide, widest at rear end, whole outline deeply arcuate. 
Palpebral rims narrow adjacent to anterior two-thirds of cranidium. Relict fixed cheeks form 
long, narrow (exsag.) triangular areas at base of glabella, poorly defined on inner edges. Gla- 
bella without muscle insertion areas—or preservation may be inadequate to show them—and 
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Fig. 54 Sagavia glans sp. nov. Upper Arenig, Fennian, B. rushtoni Biozone, Pontyfenni Formation, 
loc. 23. a, holotype, axial shield, x 3, BGS Pr574; b, c, slightly imperfect dorsal exoskeleton, x 4, and 
enlargement of thorax and pygidium taken from latex mould of counterpart to show sculpture of 
raised lines, x 7, 1t.19640. 


smooth apart from scattered raised lines around front margin running parallel to cranidial 
outline. Free cheek consisting largely of eye which extends along much of the cranidial margin 
(Fig. 54b). 

Thorax with five segments, parallel-sided, but with axis tapering backwards, so that the 
pleurae correspondingly increase in width; pleurae on the first segment are exceedingly short 
and nearly triangular, whereas at hind margin of fifth segment the axis only comprises half the 
thoracic width. As in other cyclopygids the articulating half ring on the first segment is rela- 
tively long (sag.) compared with the posterior segments. Transverse raised lines run across axial 
rings. 

Pygidium š as long as wide, with axis slightly more than one-third transverse width at 
anterior margin. Axis continues taper of posterior part of thorax (axial furrows enclosing about 
40^). On the holotype, only the first ring is clearly defined, the second ring faintly so, and 
behind this the axis is hard to distinguish from the pleural fields. Internal mould of paratype 
(Fig. 54b) has better-defined axis (except tip) showing three axial rings. Border distinctly 
defined, almost flat, comprising one-fifth (sag.) of pygidial length, narrower anteriorly, and 
widest on midline. Dorsal surface sculpture of raised lines tending to form a network on pleural 
flanks, not extending over axis, and parallel to pygidial margin on border. Doublure extended 
beyond border furrow, carrying 8-10 terrace ridges. There are obscure indications of perhaps 
two pleural furrows. 


Discussion. The general problems of classifying this species have been discussed above. Sagavia 
felix Koroleva 1967, S. modica Koroleva 1967, S. elongata Petrunina 1975, S. novakellaformis 
Koroleva 1982 and S. heterocyclopygeformis Koroleva 1982 all have pygidial axes which are 
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Fig. 55 Reconstruction of Sagavia glans sp. nov., 
x 3 approx. 


well-defined around their tips, and their pygidial borders are widest posterolaterally rather than 
postaxially; none appear to have the surface sculpture of raised lines noted on our species. The 
south Wales species is considerably older than the Russian ones, which come from the Caradoc 
or Ashgill. 


Subfamily PRICYCLOPYGINAE nov. 


DIAGNOSIS. Cyclopygidae having six thoracic segments, the third axial ring carrying a pair of 
hollow bulbs. Cranidium round to ovoid, with maximum width some distance in front of 
posterior margin. Glabellar furrows feebly developed, up to two pairs of transverse impressions. 
Pygidium wide, triangular to transversely elliptical, with a deeply defined border. Pygidial axis 
convex (tr.) and well defined, not rapidly tapering, falling somewhat short of border. 


GENERA INCLUDED. Pricyclopyge Richter & Richter 1954; Symphysops Raymond 1925; if the 
association of cephalon and pygidium of Emmrichops Marek, 1961, given by Hughes (1979) is 
correct this genus also probably belongs here (for further discussion see under Gastropolus, 
p. 161); Circulocrania n. gen. (p. 186) may also prove to be a pricyclopygine. 


DISCUSSION. This subfamily is erected to include cyclopygids with the apomorphic character of 
a pair of hollow nodes or bulbs on the third axial ring of the thorax. The structure and possible 
function of these is discussed further below. Whatever their function they are unusual structures 
which are unlikely to have evolved more than once, and they are regarded as good evidence for 
the common ancestry of cyclopygids having them. The thorax has been described in Pricyclo- 
pyge and Symphysops, and the bulbs are present on thoraces of all the known species. The 
pricyclopygines are also characterized by having a cranidium which expands in width forwards 
at first, so that the cranidial outline is rounded, or elongate-elliptical rather than parabolic as in 
cyclopygines. Palpebral rims on pricyclopygines are flatter and broader than on cyclopygines. 
The pygidial borders are characteristically rather flat, and distinctly defined by a deep border 
furrow which does not get shallower over the mid-line, as it does on many cyclopygines. The 
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thorax is not known for either Emmrichops or Circulocrania n. gen., but a pygidium attributed 
to the former, and the cranidial outline of the latter, suggest that both may belong in this 
subfamily rather than Cyclopyginae. Like almost all other cyclopygids, Pricyclopyge and 
Symphysops show the trend towards anterior fusion of the eyes. 

It seems unlikely that the specialized organs on the third thoracic segment could have arisen 
more than once in separate cyclopygid groups: hence Symphysops Raymond and Amicus 
Koroleva, both of which have these organs, are likely to belong to the same monophyletic 
group as Pricyclopyge. Symphysops has well-developed glabellar muscle impressions compared 
with Pricyclopyge, and the glabella produced forwards into a ‘nose’ of varying proportions, and 
the glabellar tubercle is advanced. The type species of Amicus, A. montanus Koroleva 1967, is 
closely similar to Symphysops, and it may prove to be a junior synonym of that genus. As 
discussed by Whittard (1961a), the poorly known Aspidaeglina Holub probably also belongs 
within this group. 


THORACIC ORGANS OF Pricyclopyge. The third thoracic segment of Pricyclopyge, as mentioned 
above, includes on the axis a pair of bulbs or ‘hollow nodes’ (Whittard 1961a: 174). These 
hollow, inflated structures (Fig. 59a) appear to be formed entirely within the cuticle: internal 
moulds often show the lower surface of the structure, external moulds the exterior, convex 
surface, while some specimens show a convex mould of the hollow interior. Ruedemann (1934) 
made a comparison between these hollow nodes and the luminous organs of certain free- 
swimming crustacea. Since cyclopygids almost certainly had pelagic habits (Fortey 1985b and 
p. 105) this comparison is of considerable interest. Much new information is available about the 
luminous organs of living crustaceans (Herring, 1978, reviews the literature). Many such organs 
are internal structures and would be expected to leave little trace on the exoskeleton. But some, 
especially superficial photophores on decapod crustacea, appear to form similar hollow struc- 
tures (Dennell 1940: fig. 30), sometimes with cuticular lenses on the exterior surfaces. True 
cuticle does not extend on the inner side of such structures, however, and the largest we can 
find, on Sergestes (or Sergia) challengeri, are not more than 170 um long, whereas the structures 
on Pricyclopyge attain a length of 600 um. Crustaceans often have many such organs, rather 
than a single pair. 

In support of the photophore explanation is the suggestion that ‘those species possessing 
photophores have larger eyes than those lacking these organs’ (Dennell 1940: 376), which 
obviously applies to Pricyclopyge as compared with the typical trilobite. Herring (1978: 230) 
notes that 'cuticular (superficial) photophores are generally common in mesopelagic species, 
though absent in the bathypelagic realm'. Pricyclopyge is absent from inshore sediments, such 
as the Mytton Flags, or the Armorican-Iberian region during the Arenig, but is regularly found 
in deeper facies in Wales. During the Llanvirn transgression, as the deeper facies migrated 
shelfwards, Pricyclopyge appeared in the Hope Shales, or in the Synclinal d'Ancenis at the 
southern edge of the Armorican Massif (Henry 1980). It is reasonable to deduce mesopelagic 
habits from its occurrence. 

The evidence for a cuticular photophore function for the hollow nodes on Pricyclopyge is 
incomplete and partly circumstantial, but is consistent with its inferred life habits deduced from 
other morphological features, and with field occurrence. If correct, it would imply that Pricy- 
clopyge probably lived below 200m and above 700m in the water column. The majority of 
such photophores in living crustaceans are ventrally directed; if this were true for Pricyclopyge 
it would have swum on its back. 


Genus PRICYCLOPYGE Richter & Richter 1954 
TYPE SPECIES. Aeglina prisca Barrande, 1872, by original designation. 


Discussion. The genus Pricyclopyge includes cyclopygids with six thoracic segments, the third 
segment carrying the peculiar pair of organs discussed in detail above. The median cephalic 
lobe is generally subcircular, and the front margin is gently rounded about the mid-line; the 
pygidium has a triangular outline, with well-defined borders and a relatively long axis. 
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Hórbinger & Vanék (1985) distinguished a subgenus Bicyclopyge (type species Aeglina bino- 
dosa Salter) on the basis of lack of extended thoracic pleural spines on the posterior thoracic 
segments; we regard this character as significant only at the specific or subspecific level. 


Pricyclopyge binodosa eurycephala subsp. nov. 
(Figs 56, 57) 


1985a  Pricyclopyge binodosa (early form) Fortey: 23; fig. 5A. 
HoLoTYPE. Perfectly preserved cephalon, It.15918. 


PARATYPES. The series includes axial shields: It.15913—4, 1t.15928, 1t.18525, It.18531, It.18516, 
1.18527, NMW $84.17G.57-60, 84.12G.9a, 84.12G.20; cranidia and cephala: 1t.15924—6, 
1t.15921, 1t.18518-9, 1t.18548, NMW 84.17G.61-63; pygidia (+thorax): It.15920, It.15927, 
1t.18523; free cheeks: It.15915, It.18539, NMW 84.17G.64-66. 


TYPE LOCALITY AND HORIZON. Pontyfenni Formation, type locality, loc. 23; Fennian (B. rushtoni 
Biozone). 


STRATIGRAPHICAL RANGE. The subspecies is widespread through the Pontyfenni Formation, 
Upper Arenig, Fennian, biozone of Bergamia rushtoni: locs 20C—E, 21, 23, 25, 29, 32A, 37, 40, 
44, 48, 53, 54. Stratigraphically early forms have been found in the S. abyfrons Biozone, loc. 38. 
Transitional material with P. binodosa binodosa occurs in the Llanfallteg Formation. 


DIAGNOSIS. À stratigraphically early subspecies of P. binodosa with nearly circular cranidium in 
which maximum cranidial width is attained behind cranidial mid-length; entire cephalon with 
greatest width (tr.) further forward than in P. binodosa binodosa. 


NAME. From the Greek-— wide head’. 


Discussion. A full description of P. binodosa binodosa has been given by Whittard (1961a), and 
because almost all the details are the same as in the present form, they need not be described 
here. Rushton & Hughes (1981) have also discussed P. binodosa binodosa and figured some 
small growth stages. It is a highly conservativc form, ranging from the Arenig to the Llandeilo. 
Two subspecies have previously been distinguished from P. binodosa binodosa: P. binodosa 
prisca (Barrande 1872) and P. b. longicephala (Kloucek 1916). The former was regarded as a 
synonym of P. binodosa binodosa (Salter 1859) by Marek (1961), who observed that the preser- 
vation of the cephalic muscle impressions was highly variable (features used by Whittard, 
1961a, to discriminate P. b. prisca); spines on the sixth thoracic pleurae of P. b. prisca were 
“preserved only rarely in several specimens' (Marek 1961: 32), and Marek regarded their appar- 
ent absence on all British specimens as a matter of preservation. Rushton & Hughes (1981: pl. 
2, fig. 21) figured a beautifully preserved thorax of P. binodosa binodosa on which the non- 
spinose pleural terminations of the sixth thoracic segment are undeniable. Hence we concur 
with their view and that of Whittard (1966: 287) that prisca is a valid subspecies characterized 
by spinose posterior segment(s), while agreeing with Marek (1961) that any supposed cephalic 
differences between prisca and binodosa are probably the result of preservation—their cephala 
are identical. It remains a possibility that both subspecies prisca and binodosa are present in the 
Llanvirn of Bohemia (Hórbinger & Vanék 1985). No specimen from the Arenig of south Wales 
has an extended sixth thoracic segment, and the preservation is adequate to be certain on this 
point in at least six specimens. 

The differences between P. binodosa binodosa and P. binodosa eurycephala are on the 
cephalon only, and of course the same differences apply between P. binodosa prisca and P. b. 
eur ycephala. On the cranidium of the new subspecies the axial furrows swing outwards rather 
sharply very shortly in front of the posterior cephalic margin. The angle enclosed by these 
furrows is typically in the range 657-80^ in the population of P. binodosa eurycephala, com- 
pared with 45°-65° in P. b. binodosa. This results in a more rapid attainment of maximum 
cranidial width, which was quantified in some detail by Fortey (1985a): the population from 
loc. 23 shows a normal distribution in this character, clearly distinct from P. binodosa binodosa. 


R. A. FORTEY & R. M. OWENS 


ugar - 
V Z i2 


Fig. 56 Pricyclopyge binodosa eurycephala subsp. nov. Upper Arenig, Fennian. a, b, cranidium and 


left cheek in dorsal and anterior views, Pontyfenni Formation, B. rushtoni Biozone, loc. 23, x 4, 
It.15921; c, small axial shield showing cranidial sculpture, horizon and locality as Fig. 56a, x 3-5, 
1t.15928; d, large flattened cranidium and front part of thorax, the former showing the glabellar 
tubercle, horizon and locality as Fig. 56a, x 4, 11.18519; e, moult arrangement of axial shield, 
specimen showing exceptional subparallel posterior part of glabella, horizon and locality as Fig. 56a, 
x 3-5, It.15913; f, g, internal mould of pygidium in full relief, dorsal and posterior views, strati- 
graphically earliest example, S. abyfrons Biozone, Cwmfelin Boeth Formation, Geological Survey 
locality Carm. 37SW E414, lane SW of Pass-by, x 6, BGS TCC959; h, axial shield, horizon and 
locality as Fig. 56a, x 4, It.15916; j, widest cranidium, horizon and locality as Fig. 56a, x 4, NM W 
84.17G.61; k, stratigraphically early cranidium with very posterior maximum width of median 
cephalic lobe (crinkle cleavage does not distort the proportions), S. abyfrons Biozone, loc. 38, x 4, 
1t.19644. 
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Fig. 57  Pricyclopyge binodosa eurycephala subsp. nov. Upper Arenig, Fennian, B. rushtoni Biozone, 
Pontyfenni Formation, loc. 23. a, b, holotype, perfectly preserved cephalon, dorsal and lateral views, 
x 6,1t.15918; c, pygidium in full relief, x 3, It.19643. 


There is a stratigraphical intergradation, but the two forms are distinct between the rushtoni 
Biozone and the Llanvirn. The maximum cranidial width of the median cephalic lobe in P. 
binodosa eurycephala is behind cranidial mid-length, as measured along the sagittal line. On P. 
b. binodosa maximum width is attained at, or in front of, cranidial mid-length. The glabellar 
tubercle, and the circular depressions to either side of it, are variably preserved, and no 
taxonomic importance is attached to their absence on certain specimens. Palpebral rims are 
always clearly defined. One specimen (Fig. 56e) shows the glabella only gently expanding in 
width at first near its posterior margin but still attaining maximum cranidial width behind 
cranidial mid-length. On the entire undistorted cephalon (Fig. 57a) maximum cephalic width of 
P. b. eurycephala is far forwards in comparison with the perfectly preserved cephala of P. b. 
prisca illustrated by Marek (1961: pl. 1, fig. 20; pl. 2, fig. 1), on which maximum width is near 
the back end of the cephalon in dorsal orientation. Specimens of this quality are rare, however. 
These subtle differences are worth taxonomic recognition, because they are of stratigraphical 
importance: P. b. eurycephala is apparently confined to the Fennian, where Pricyclopyge is one 
of the commoner fossils. 


Fig. 58 Pricyclopyge binodosa binodosa (Salter 1859), for comparison with P. binodosa eurycephala 
subsp. nov. a, axial shield, slightly distorted, showing forward expansion of median glabellar lobe, 
Llanvirn above Llanfallteg Formation, St Clears, Dyfed, x 2, NMW 33.189.G49; b, transition 
cephalon between P. binodosa binodosa and P. b. eurycephala from Llanfallteg Formation, loc. 50, 
maximum width of median cephalic lobe at half cranidial length, x 3-5, It.19708; c, undistorted 
thorax and pygidium, Llanfallteg Formation, D. levigena Biozone, loc. 52K, x 3, It.19709. 
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The change between P. binodosa eurycephala and P. binodosa binodosa 1s probably entirely 
gradual (Fortey 1985a and Fig. 58b). In this connection it is interesting to note that P. binodosa 
longicephala shows the same changes taken further (Marek 1961: pl. 1, fig. 21); on this sub- 
species cranidial maximum width has become very anterior, while maximum cephalic width is 
at the posterior cephalic margin. All these changes are related to a change in the course of the 
axial furrows in front of the thorax, which gradually more and more come to continue (on the 
cephalon) the forward expansion in width of the thoracic axis, by reducing the sharp outward 
bend in the course of the axial furrows in the earlier subspecies. Rushton & Hughes (1981) 
showed that the glabellar expansion of small growth stages of P. binodosa binodosa was 
gradual, and unlike that of the adult. Hence the change from eurycephala-binodosa/prisca- 
longicephala seems to be an example of heterochrony. The same glabellar structure is also 
present on the primitive cyclopygid Prospectatrix (Fortey 1981), and on Pricyclopyge supercili- 
ata Dean 1973b, from Turkey. 

Pricyclopyge wattisoni Hughes 1979, which has adaxially effaced pygidial borders, may 
perhaps be better referred to Microparia. Pricyclopyge ? campestris Koroleva 1967 is represent- 
ed only by a poorly preserved exoskeleton, but this clearly shows gentle anterior divergence of 
the axial furrows on the cranidium in the manner of P. binodosa longicephala. P. synophthalma 
(Koucek 1916) has the eyes confluent anteriorly, which we have not observed on any Welsh 
specimen; P. obscura Marek 1961 is discussed below; P. sichuanensis Li 1978 has an extended 
sixth thoracic segment, and may prove to be a synonym of P. bindosa prisca. 


Pricyclopyge dolabra sp. nov. 
(Figs 59a-d) 


HoLorv»rt. Nearly complete dorsal exoskeleton, It.19662. 
PARATYPES. Cephalon, BGS JP3525; cranidium, 1t.19660; pygidium, 1t.18517. 


TYPE LOCALITY AND HORIZON. Upper Arenig (Fennian, biozone of Bergamia rushtoni); Ponty- 
fenni Formation, type locality. 


STRATIGRAPHICAL RANGE. Fennian (biozone of Bergamia rushtoni) Pontyfenni Formation at 
type locality and Capel-Dewi (Geological Survey loc. Carm. 40NW W4A9). 


DIAGNOSIS. Pricyclopyge with long cranidium, length equal to, or slightly exceeding, maximum 
transverse width of median cephalic lobe, which is posterior to cranidial mid-length. Glabellar 
tubercle at mid-length. Palpebral rims relatively narrow. Anterior glabellar tongue broad (tr.). 
Thoracic axis wide, weakly tapering. Pygidium longer than that of P. binodosa. 


NAME. ‘A grubbing mattock’, which the cranidium somewhat resembles. 


Discussion. Most of the general features of this species are present on Pricyclopyge binodosa 
eurycephala, and do not require description. The holotype is a large specimen, 33cm long, 
preserved in some relief. Specimens of P. binodosa eurycephala are up to 3cm long, and have 
the same broadly rounded cranidium as smaller examples of the subspecies. P. dolabra has a 
relatively much longer cranidium, with a broadly truncate outline at the front. There are no 
intermediates between this species and P. binodosa eurycephala, and it is clearly a distinct 
species, although rare compared with the binodosa group. Like P. binodosa eurycephala 1n the 
Pontyfenni Formation the cranidium expands in width rather rapidly to a maximum behind 
glabellar mid-length; on the small cranidia this is attained further back than on the holotype. 
The lateral outline of the cranidium is a rather gentle outward-bowed curve; this is reflected 
also in the outline of the eye, which is gently curved, and apparently less bulbous than that of 
P. b. eurycephala. A median cephalic tubercle is preserved on one example at cranidial mid- 
length. 

The thorax of the holotype only preserves five segments: the pygidium is a little displaced, 
and presumably the whole is a moulted exoskeleton. A sixth segment is likely to have been 
present, particularly in view of the discrepancy in width between the axis of the fifth segment 
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Fig. 59 Pricyclopyge dolabra sp. nov. Upper Arenig, Fennian, B. rushtoni Biozone. a, holotype, 
exoskeleton with pygidium a little displaced and eyes poorly preserved, loc. 23, x 2,1t.19662; b, latex 
cast from cephalon, Capel-Dewi, x 6, GSM 3525; c, cranidium, locality as holotype, x 6, It.19660; 
d, cast from mould of pygidium, locality as holotype, x 6, 1t.18517. 


and the anterior part of the pygidial axis, but whether or not this segment was macropleural is 
unknown. The very narrow (tr.) first thoracic pleurae are probably related to the large size of 
the holotype, and largest P. binodosa eurycephala are little different. However, the posterior 
taper of the thoracic axis on P. dolabra is much less, so that at the fifth segment the pleurae are 
only just over half as wide as the axis; on P. binodosa eurycephala on the largest individual the 
pleurae are two-thirds as wide as the axis here, and relatively even wider on smaller specimens. 

The pygidium is incompletely preserved on the holotype, but shows a long, tumid axis with 
one ring defined, and three more indicated along the axial furrow. In view of the relatively wide 
proportions of the thoracic axis it seems reasonable to assign the pygidium shown in Fig. 59d 
to the species; it is generally more elongate, convex (tr.) and with narrower pleural regions than 
the pygidium of P. binodosa eurycephala. Pygidia of the latter are half as long as wide, or less, 
whereas the pygidium assigned to P. dolabra is two-thirds as long as wide. 

P. dolabra is clearly distinct from the P. binodosa group on most characters. Marek (1961) 
described P. obscura from the Llanvirn Sárka Formation of Bohemia, a species in which the 
length of the cranidium exceeds the maximum width of the median cephalic lobe, and with 
narrow, gutter-like palpebral rims. P. obscura is known only from the cranidium, although 
specimens attributed to P. binodosa by Hoérbinger & Vaněk (1985) may belong here. The 
cranidium has a broadly rounded anterior outline rather than a truncate one as in P. dolabra. 
Marek states that the maximum width of the median cephalic lobe is at half cranidial length, 
while it is always posterior to this in P. dolabra; less important is the pair of occipital muscle 
impressions on P. obscura, because such impressions vary widely with preservation in cyclo- 
pygids, and particularly Pricyclopyge. 
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Genus CIRCULOCRANIA nov. 
TYPE SPECIES. Circulocrania orbissima sp. nov. 


DIAGNOSIS. Cranidium flat, nearly circular. Front margin downturned into a wide (tr.) but short 
tongue. 


NAME. ‘Circular head’. 


Discussion. This very odd cyclopygid was confused at first with flattened Pricyclopyge binodosa 
eurycephala, which similarly has a broad cranidium. However, it soon became clear that the 
lack of palpebral rims was an original feature: these are easily prepared on Pricyclopyge. 
Moreover, the flat surface of the cranidium was also original; whenever Pricyclopyge is flat- 
tened, it being a genus with a certain amount of transverse relief, the flattening is apparent as 
strong cracks on the surface (e.g. Fig. 56d). Furthermore, Pricyclopyge has a long anterior 
tongue which accommodated the dorsoventrally deep eyes. The holotype of C. orbissima (Figs 
61a, c, d) is preserved in nearly full relief, with a short tongue, and has almost no other features. 
A few transverse raised lines are somewhat like those on Pricyclopyge, where they are forward- 
bowed in the occipital region. There is a median tubercle at about two-thirds cranidial length, 
with circular impressions to either side. 

Circulocrania is without question a new cyclopygid, but we hesistated before naming it on 
the cranidium alone. Dr J. K. Ingham has informed us that a similar kind of circular cranidium 
occurs in the Whitehouse Formation (Ashgill) of Girvan, so it seems this is another long- 
ranging cyclopygid morphology. It is considered preferable to name formally what is, after all, a 
distinctive if featureless cranidium, rather than add it to our long list of undetermined cyclo- 
pygids. There are three candidates for its post-cephalic parts: cyclopygid thorax and pygidium 
1 and 2 (Figs 60a, b), or possibly the pygidium and incomplete thorax described as Microparia 
(Heterocyclopyge?) sp. indet. (p. 174; Fig. 51). But there is no evidence to assign one or the 
other to the cranidium. 


Fig. 60 Undetermined probable cyclopygid thoraces and pygidia, Upper Arenig, Fennian, B. rushtoni 
Biozone, loc. 23. a, x 3,1t.19667; b, x 6,1t.19668. (Not described, but see above). 
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Circulocrania orbissima sp. nov. 
(Figs 61a-e) 
HoLorvPkr. Cranidium, 1t.19663. 
PaRATYPES. Cranidia: 1t.19664-5, NMW 84.17G.167-8. 


TYPE LOCALITY AND HORIZON. Upper Arenig, Fennian, biozone of Bergamia rushtoni. So far 
recovered only from Pontyfenni, loc. 23. 


DIAGNOSIS. See genus. 
NAME. 'Most circular. 


DESCRIPTION. The cranidium departs slightly from the circular, being a little wider than long. 
The posterior margin is gently backward-curved, the anterior margin deeply rounded about the 
midline and downturned. The holotype shows a faint sagittal ridge. The eyes presumably ran 
around the margin of the cranidium as far as the downturned tongue, but may have continued 
to be united anteriorly as in other cyclopygids. 


Fig. 61 Circulocrania orbissima gen. et sp. nov. Upper Arenig, Fennian, B. rushtoni Biozone. a, c, d, 
holotype, internal mould of cranidium, dorsal, oblique lateral and anterior views, x 3, It.19663; b, 
cranidium, x 3, It.19664; e, enlargement of latex cast from holotype in oblique light, to show 
posterior terrace lines and glabellar tubercle with faint circular impressions to either side, x 4, 
1t.19663. 


Subfamily ELLIPSOTAPHRINAE Kobayashi & Hamada 1971 


Fortey (1981) pointed out the difficulty in reconciling ellipsotaphrine morphology with that of 
other cyclopygaceans, especially with regard to their deeply incised lateral glabellar furrows, 
and favoured a separate ptychoparioid origin for them, possibly in common with Bohemilla (see 
p. 129). On the other hand the structure of the rest of the exoskeleton, including the thorax, and 
the fact that the pygidium is almost identical to those of some species of Cyclopyge, argues for a 
common ancestry of ellipsotaphrines and other cyclopygids. The problem may be resolved if 
the ellipsotaphrines are paedomorphic, with the lateral glabellar furrows originating as larval 
features and finding expression in the adult. Such an explanation would be compatible also 
with the pygidial structure, which is like that of immature cyclopygids illustrated by Marek 
(1961). Psilacella pulchra Zhou 1977 has three pairs of glabellar furrows which are comparable 
with those of Novakella. Ellipsotaphrus itself is more of a problem, as it apparently shows an 
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Fig. 62 Theory of relationships of Ordovician pelagic trilobites, showing polyphyletic derivation of 
pelagic morphology. 


occipital ring, and the absence of a defined occipital ring is a derived character of the Cyclo- 
pygacea sensu Fortey, 1981. This problem might be resolved if the basal transglabellar furrow 
on Ellipsotaphrus is not truly occipital, that is, if it is homologous with the basal pair of 
glabellar furrows on other cyclopygaceans. Support for this is to be found in three species of 
Ellipsotaphrus, E. infaustus (Barrande 1852), E. pumilio Whittard 1952 and E. zhongguoensis 
Zhou 1977. On these there are distinct furrows near the posterolateral cranidial margins, which 
probably represent the pleuroccipital furrows. These are behind the first transglabellar furrow, 
and on E. zhongguoensis (Zhou 1977: pl. 69, fig. 4) extend adaxially behind it. This may be 
taken as evidence that the occipital segment is incorporated within the unfurrowed area behind 
the first transglabellar furrow, which would then, of course, no longer be occipital. Then the 
three sets of glabellar furrows would be homologous with those of other cyclopygaceans. The 
transglabellar first two furrows are still a considerable departure from usual cyclopygacean 
morphology. Similar furrows are developed in other trilobites with probable pelagic habits—in 
Irvingella, for example. This discussion well illustrates the problems of phylogenetic argument 
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when the majority of the characters available are the result of specialized adaptation. We prefer 
the interpretation of Ellipsotaphrus as an aberrant cyclopygacean rather than a homoeomorph 
of the group, but the problem will not be completely solved until primitive ellisotaphrines are 
discovered. 


Genus ELLIPSOTAPHRUS Whittard 1952 
TYPE SPECIES. Aeglina monophthalma Klouček 1916, by original designation. 


Ellipsotaphrus monophthalmus (Klouček 1916) 
(Figs 63a-e) 


1916  Aeglina monophthalma Klouček: 13; pl. 1, figs 4—6. 

1940 Phylacops monophthalmus (Klouček) Whittard: 137; pl. 6, figs 1-3. 

1952 Ellipsotaphrus monophthalmus (Klouček) Whittard: 312; pl. 32, figs 10-16. 

1954  Cyclopyge (Ellipsotaphrus) monophthalmus (Klouček) Richter & Richter: 11-12. 

1959  Ellipsotaphrus monophthalmus (Klouček); Richter & Richter, in Harrington et al: O363. 
1961  Ellipsotaphrus monophthalmus (Klouček); Marek : 60—61 ; pl. 6, figs 13-17; text-fig. 24. 
1961a Ellipsotaphrus monophthalmus (Klouček); Whittard: 169; pl. 23, figs 3, 4. 

1970  Ellipsotaphrus monophthalmus (Klouček); Marek, in Horny & Bastl: pl. 7, fig. 6. 

1983 Ellipsotaphrus whittardi Hórbinger & Vaněk: 304; pl. 1, figs 3, 4. 


TYPE LOCALITY AND HORIZON. From the Dobrotivá Formation (Llandeilo) of Bohemia. 


OCCURRENCE IN SOUTH WALES. Fennian, Upper Arenig, biozones of Stapeleyella abyfrons to 
Dionide levigena. Shales interbedded with Cwmfelin Boeth turbidites, loc. 36. Pontyfenni For- 
mation loc. 23 (type locality), loc. 62, and Bancyfelin. Llanfallteg Formation type section, loc. 
52, and early Llanvirn part of Llanfallteg Formation (Whittard 1952: pl. 32, fig. 16). 


MATERIAL. Complete exoskeleton, 1t.19669; thorax and pygidium, It.19670; cranidia and 
cephala It.19671-2, NMW 84.17G.67-68, 85.1G.47; pygidium BGS HT335. 


Fig. 63 Ellipsotaphrus monophthalmus (Klouček 1916). a, entire exoskeleton, Upper Arenig, Fennian, 
D. levigena Biozone, Llanfallteg Formation, loc. 52R, x 8, It.19669; b, cranidium, Pontyfenni 
Formation, B. rushtoni Biozone, loc. 23, x 11, 1t.19671; c, three thoracic segments and pygidium, 
Cwmfelin Boeth Formation, loc. 36, S. abyfrons Biozone, x 12, 1t.19670; d, e, cephalon, dorsal and 
anterior views, loc. 62, x 8, NM W 85.1G.47. 
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Discussion. This species has been fully described by Marek (1961) and further description is 
unnecessary. The complete specimen from the Llanfallteg Formation (Fig. 63a) is one of the 
best specimens known. The type material of the species is very much younger than our 
material, but we can detect no differences between our specimens and a complete Bohemian 
specimen (Marek 1961: pl. 6, figs 15-17). E. monophthalmus is thus one of the longest-ranging 
trilobite species, and is further evidence of the conservatism of cyclopygids. One might have 
anticipated that the early forms would have had eyes separate, rather than fused, in line with 
other cyclopygids. The eye is not well preserved on the complete specimen, but seems to form a 
single unit, and a specimen (Fig. 63d, e) from Ramsey Island certainly has a united eye. The 
oldest specimen is from an early Fennian horizon, and is a partial thorax and pygidium. 
Without a cranidium it is not possible to be certain of its identity with E. monophthalmus, but 
the pygidium is so similar to that from the type locality that there is no good reason to qualify 
the determination. 

Hórbinger & Vanék (1983) have separated Whittard's (1961) material of E. monophthalmus as 
a distinct species, E. whittardi, based on the fact that the cranidium of Whittard (1961a: pl. 23, 
fig. 3) has a slight median accumination, and the second transglabellar furrow is straight rather 
than kinked backwards medially. In fact Whittard's other specimen (1961a: pl. 23, fig. 4), which 
they also assign to whittardi, has a median acumination no more developed than many speci- 
mens of E. monophthalmus (cf. Horny & Bastl 1970: pl. 7, fig. 6) from the type area. Nor is the 
supposed difference in the transglabellar furrow reliable, because it is much influenced by 
preservation: crushing or transverse extension both produce a straight, deep furrow. Our 
specimens from the Pontyfenni Formation have transverse glabellar furrows (and show an 
acuminate glabellar front) whereas the Llanfallteg complete specimen is in all respects a typical 
monophthalmus. Hence it seems likely to us that there is a single species in Britain and Bohemia, 
and we include whittardi in the synonymy of monophthalmus. 


Genus PSILACELLA Whittard 1952 
TYPE SPECIES. Psilacella trirugata Whittard 1952, by original designation. 


Psilacella doveri (Etheridge 1876) 
(Figs 64a, b) 


1876 Niobe doveri Etheridge, in Ward: 110—111; pl. 12, fig. 2 (note that the names for figs 2 and 3 on the 
plate are transposed). 

1885 Niobe doveri Etheridge; Postlethwaite: 71; pl. 2, fig. 13 (drawing by Goodchild). 

1886 Niobe doveri Etheridge; Postlethwaite & Goodchild: 461; pl. 8, fig. 13. 


HOLOTYPE. Incomplete dorsal exoskeleton, SM A40455. 


TYPE LOCALITY AND HORIZON. Etheridge (1876) states that the specimen was recovered from the 
scree at Randel Crag in the Lake District; specimens from here are from Jackson's gibberulus 
Zone and probably equate with the Fennian in south Wales. 


Discussion. The holotype is a poor flattened exoskeleton. Nonetheless it does show the con- 
spicuous lateral glabellar furrows which distinguish Psilacella from other cyclopygids. The 
cranidium is twice as long as Whittard's specimens of P. trirugata and the third pair of glabellar 
furrows are not discernible; this may be a specific difference, an ontogenetic difference, or the 
result of poor preservation. Six thoracic segments are apparently of usual cyclopygid form. The 
pygidium has two pairs of deep pleural furrows and the pygidial axis has four (possibly five) 
rings, and extends to the border, which is widest on the midline, and different from that of P. 
trirugata which has a border which becomes narrower and fainter posteriorly, and a short axis. 
Psilacella is otherwise known from China (Zhou 1977); P. hunanensis has two pairs of strong 
pygidial pleural furrows like P. doveri, but on other characters is more like the type species. 

From south Wales we have one external mould of an incomplete pygidium (Fig. 64b) from 
the Pontyfenni Formation which is much smaller than that on the holotype of P. doveri and 
comparable with those of other described species. Like P. pulchra Zhou 1977, both pleural and 
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Fig. 64 a, Psilacella doveri (Etheridge 1876). Holotype, poorly preserved axial shield, Randel Crag, 
Lake District, late Arenig, 'gibberulus Zone’, x 2, SM A40455; b, P. cf. doveri, cast from pygidium 
(plus partial thoracic segment) of small example, Upper Arenig, Fennian, Pontyfenni Formation, loc. 
32A, x 10,1t.19673. 


interpleural furrows are developed; the pygidial axis, probably with four rings, falls short of a 
moderately well defined convex border, shorter (sag.) on the midline than on the holotype of P. 
doveri. Like the type species there is a well-defined anterior segment. Whether this pygidium is 
that of P. doveri at a smaller stage of growth is uncertain, although it is certainly like that of 
Psilacella. Perhaps the difference in the relative lengths of the pygidial axis makes conspecificity 
unlikely. For this reason we record this pygidium as Psilacella cf. doveri. 


Family NILEIDAE Angelin 1854 

Genus BARRANDIA M'Coy 1849 
TYPE sPECIES. Barrandia cordai M'Coy 1849, by monotypy. 
DIAGNOSIS. See Whittard (1961b: 221—222) and Hughes (1979: 154). 


Barrandia homfrayi Hicks 1875 
(Figs 65a-d) 


(For synonymy see Whittard (19615: 222) and Hughes (1979: 156)). 
HoLorvPt. Imperfect dorsal exoskeleton, SM A15627, Llanvirn quarry. 


OCCURRENCE IN SOUTH WALES. Earliest occurrence in south Wales is in the Llanfallteg Forma- 
tion, type section, 20m below Arenig-Llanvirn boundary. The species continues and is 
common into the Llanvirn part of the Llanfallteg Formation, at Rhyd-y-wrách, Scolton and 
elsewhere, and continues into the dark ‘bifidus’ beds where it is widespread. We have recovered 
specimens from St Clear's and from Bifidus Shales exposed by the A 48 just east of Carmarthen. 


MATERIAL. Figured: axial shield It.19674; cheeks and hypostoma 1t.19675; pygidia 1t.19676—7. 
Other material: [t.19678-9, NMW 84.17G.69—75. 


DISCUSSION. The type species of Barrandia has been fully described by Hughes (1979), and 
Whittard (19615) gave an exhaustive account of B. homfrayi itself. 

Fig. 65a shows what is evidently a degree 6 meraspis. It is relatively large: as in Illaenopsis 
the final complement of thoracic segments may be achieved at a much later stage in ontogeny 
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g Formation. a, axial shield of large degree 6 
meraspis moult arrangement showing pygidial segmentation, early Llanvirn, D. artus Biozone, loc. 
50, x 6, It.19674; b, cast from external mould of pygidium to show details of fine surface sculpture, 
loc. 50, x 6, It.19676; c, fused free cheeks and hypostoma from ventral side, loc. 50, x 6,1t.19675; d, 
small pygidium showing two axial rings, internal mould, loc. 50, x 6, 1t.19677. e, Barrandia sp. indet., 
pygidium, upper Arenig, Pontyfenni Formation, B. rushtoni Biozone, Banc-y-felin, compare sculp- 
ture with Fig. 65b, x 4, GSM HT338. 
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than in other trilobites. Hughes (1979) and Fortey (1975) noted the retention of ‘parathoracic’ 
segments in comparatively large nileid pygidia. In the specimen of B. homfrayi two segments are 
retained, and they are ‘thoracic’ even to the extent of showing articulating half-rings, yet they 
are equally clearly still a part of the pygidium. The retention or release of segments was of less 
functional importance in nileids than in some other families, and this may account for the 
variability in the number of segments (7-9) within the group. There may be seven or eight 
segments within Nileus itself. B. bianularis Whittard, 1961b, differs from homfrayi in having two 
pygidial axial rings, albeit rather weakly defined; other differences between bianularis and 
homfrayi cited by Whittard, such as a supposedly shorter pygidial axis, cannot be confirmed 
from measurements on a population of homfrayi. In view of the propensity of Barrandia to 
retain segments in the pygidium this axial distinction is not convincing, and it is possible that 
bianularis is merely an intraspecific variant. However, all the larger (pygidium 1cm long or 
more) specimens in our collections from the Llanfallteg Formation are like typical homfrayi. 


Barrandia sp. indet. 
(Fig. 65e) 


MATERIAL. Pygidium, BGS HT338-9. 
OCCURRENCE. Pontyfenni Formation, Bancyfelin Railway cutting, Geol. Survey loc. WA3. 
STRATIGRAPHICAL RANGE. Upper Arenig, Fennian, probably biozone of Bergamia rushtoni. 


DISCUSSION. This single example of a pygidium is undoubtedly distinct from B. homfrayi, which 
it underlies stratigraphically. The outline of the pygidium is oval rather than sub-semicircular 
as it is in B. homfrayi, and with a width/length ratio of 1:5 it is more transverse than many 
specimens of homfrayi. The axis is much less than half pygidial length. The simplest distinction 
is the surface sculpture: the dorsal surface of homfrayi is covered with terrace ridges of the 
utmost fineness, which on the Fennian form are much stronger and only about half as dense. 
The closest comparison among described species is probably with Barrandia cf. cordai (rom the 
Llandeilo, figured by Hughes (1979: fig. 126), which also has a strong sculptural pattern, 
although denser than Barrandia sp. indet. Furthermore, the axis on Hughes' specimen is much 
longer (sag.). So the Arenig species is probably a new one, but it cannot be formally named on 
the basis of one specimen. 


Genus ILLAENOPSIS Salter 1866a 
TYPE SPECIES. Illaenopsis thomsoni Salter 1866a, by monotypy. 


Discussion. Whittard (19615) redescribed the type species of I/laenopsis, and noted that Salter’s 
genus was probably the senior synonym of Eurymetopus Postlethwaite & Goodchild 1886. The 
type species of the latter is E. harrisoni Postlethwaite & Goodchild 1886, and this is the species 
of which we have much new material from the Pontyfenni Formation. Like many of the species 
there its eyes are extremely reduced, the palpebral lobes being present as tiny flexures near the 
front of the cranidium. Whittard (19615: 220) interpreted I. thomsoni thus: ‘... it may have 
been a blind trilobite like so many from the Hope Shales, or one in which the eyes had almost 
atrophied. Examination of Whittard's material has convinced us that I. thomsoni had minute 
palpebral lobes like I. harrisoni (e.g. top right on his pl. 31, fig. 5). This being so, there are no 
significant differences between Illaenopsis and Procephalops Whittard 1967, the type species of 
which, P. hopense, was also collected from the Hope Shales. In fact, we consider that P. hopense 
is probably the same species as I. thomsoni, such small differences as there are being because of 
the smaller size of the former and because of preservational variation. 

Whittard did not consider Rokycania Přibyl & Vaněk 1965, based on Barrandeia (sic) primula 
Holub 1912 from the Arenig Klabava Formation of Bohemia, when he erected Procephalops. 
The type of cephalon of R. primula (Horny & Bastl 1970: pl. 5, fig. 9) shows the advanced, tiny 
eyes, and well-defined anteriorly expanding glabella typical of Illaenopsis; a nearly complete 
specimen of R. primula as illustrated here (Fig. 66e). Hence we would regard Rokycania also as 
a synonym of Illaenopsis. Furthermore, Courtessole & Pillet (1976), apparently unaware of 
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both Rokycania and Procephalops, erected another new generic name, Pseudobarrandia, on the 
same type species, Barrandeia (sic) primula (which they erroneously record as prima) as Rokyca- 
nia. Thus Pseudobarrandia is an objective synonym of Rokycania, and joins the list of subjective 
synonyms of Illaenopsis. 

To summarize, Illaenopsis is probably the senior synonym of no less than four other generic 
names, a remarkable number for so a rare trilobite: Eurymetopus, Rokycania, Procephalops and 
Pseudobarrandia. It is also very like two other genera, both from the Tremadoc: Psi- 
locephalinella Kobayashi 1951 (senior synonym of Borthaspis Stubblefield 1951, with the same 
type species, Psilocephalus innotatus Salter 1866a) and Borthaspidella Rasetti 1954. Both have 
small eyes in a forward position; Psilocephalinella is somewhat more effaced than Illaenopsis, 
and with the palpebral lobes further from the glabella and slightly further back. Borthaspidella 
has a narrower glabella more abruptly expanding anteriorly, and wider, acute postocular fixed 
cheeks. These are perhaps rather subtle differences to be of generic significance. 

Illaenopsis as understood here includes the following species: I. thomsoni Salter 1866a; I. 
primula (Holub 1912); I. harrisoni (Postlethwaite & Goodchild 1886); I. griffei (Courtessole & 
Pillet 1976). I. stenorhachis Harrington & Leanza 1957, which was used in the Treatise 
(Harrington et al. 1959) to illustrate the characteristics of the genus, has a narrow rhachis and 
wide frontal glabellar lobe, and should perhaps be referred to Borthaspidella, although its 
convex postocular sutures are like those of Illaenopsis. 


Illaenopsis harrisoni (Postlethwaite & Goodchild 1886) 
(Figs 66a—d, 67, 68, 69) 
21876 Asaphus sp.; Etheridge, in Ward: 111—112; pl. 12, fig. 1. 
1885 sp. C no. 1; Postlethwaite: 77—78; pl. 3, fig. 21. 
?1886 Unnamed trilobite; Postlethwaite & Goodchild: 456-457; pl. 6, fig. 1. 
1886  Eurymetopus cumbrianus Postlethwaite & Goodchild: 459-460; pl. 7, fig. 10. 
1886  Eurymetopus harrisoni Postlethwaite & Goodchild: 460—461 ; pl. 8, fig. 21. 
1897  Eurymetopus harrisoni Postlethwaite & Goodchild; Postlethwaite: 13; and cover illustration. 
1961b Eurymetopus harrisoni Postlethwaite & Goodchild; Whittard: 219-220. 


HOLOTYPE. Incomplete dorsal exoskeleton, Fitz Park Museum, Keswick, C1. The only original 
specimen. 


TYPE LOCALITY. Randel Crag, Lake District; upper part of the Skiddaw Slates. 


FIGURED MATERIAL. Incomplete exoskeletons: 15331, 1t.19680-1; cranidia: 1t.19685, It.19688, 
1t.19690; hypostoma: 1t.19684; free cheek: 1t.19682; pygidia: BGS Pr620, 1t.19689, 1t.19683, 
It.19686-7. 


ADDITIONAL MATERIAL. NM W 84.12G.32, 84.17G.76-80. 


OCCURRENCE IN SOUTH WALES. Upper Arenig, Fennian, Pontyfenni Formation at its type 
locality and at Llwyn-crwn, locs 23, 24, and loc. 20D; B. rushtoni Biozone. 


DESCRIPTION. Postlethwaite & Goodchild (1886) named two species from two specimens from 
the Lake District—Eurymetopus cumbrianus and E. harrisoni—which we regard as belonging to 
a single taxon. Because the holotype of harrisoni is much the more complete and better 
preserved, we select this name to apply to the species. 

I. harrisoni grew to a considerable size; it is much the largest Fennian trilobite, fragments 
from the Lake District and south Wales indicating a maximum length of about 20cms. 
Changes in proportion occur throughout ontogeny; larger specimens from the Pontyfenni 
Formation are like the holotype, but we have a suite of specimens spanning a wide size range. 
Most of the available material is flattened, but a cranidium in full relief from the Pontyfenni 
Formation (Fig. 68a) shows considerable transverse convexity, with the cheeks sloping down 
from a convex glabella, and a steep forward slope on the frontal glabellar lobe. Entire exoskele- 
tons are nearly twice as long as wide; if the small axial shield with imperfect thorax shown on 
Fig. 67a is undistorted it suggests that smaller specimens were exactly twice as long as wide. 
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Fig. 66 a-d, Illaenopsis harrisoni (Postlethwaite & Goodchild 1886). Upper Arenig. a, poorly pre- 
served, incomplete large axial shield, holotype of Eurymetopus cumbrianus Postlethwaite & Good- 
child, late Arenig, Randel Crag, Bassenthwaite, Lake District, x 0-5, 15331; b, holotype, imperfect 
axial shield, Randel Crag, Bassenthwaite, Lake District, probably I. gibberulus Biozone, x 1, Fitz 
Park Museum, Keswick ; c, imperfectly preserved axial shield with minute palpebral lobe at top right, 
Pontyfenni Formation, B. rushtoni Biozone, loc. 23, x 1, 1t.19680; d, detail of surface sculpture of 
fixed cheek, Pontyfenni Formation, B. rushtoni Biozone, loc. 24, about x 10, latex cast taken from 
1t.19690. e, I. primula (Holub 1912), latex cast from a partly articulated axial shield from the Klabava 
Formation, x 1, Rokycany Museum, Bohemia. 
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Fig. 67 Illaenopsis harrisoni (Postlethwaite & Goodchild 1886). Upper Arenig, Fennian, B. rushtoni 
Biozone, Pontyfenni Formation. a, axial shield with damaged axial area, loc. 23, x 1-5, 1t.19681; b, 
large pygidium showing sculpture, loc. 24, x 1, GSM Pr620;c, free cheek and doublure, loc. 24, note 
how fine lines on cheek turn into base of ocular region, x 3,1t.19682; d, incomplete large thorax and 
pygidium, showing wide pleurae, loc. 24, x 1, It.19683; e, cast from incomplete hypostoma, loc. 24, 
x 2, [t.19684. 
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The thorax accounts for about 40% of the length, and the length of the cephalon is slightly 
greater than the length of the pygidium. 

The cranidium has its maximum width at the posterior margin, this exceeding the sagittal 
length. On small examples in relief the width/length ratio is about 1-25; large examples are 
more transverse with the same ratio up to 1-7. The glabella occupies half, or slightly less than 
half, the width at the occipital margin. Axial furrows are deep posteriorly, parallel on the 
smallest examples, diverging slightly forwards on cranidia of length about l:5cm, and more 
strongly so on larger specimens. Regardless of size, the axial furrows take a sharp outward 
bend at the level of the palpebral lobes, becoming shallower in the process. They do not quite 
reach the cranidial margin, but may appear to do so on some flattened specimens. Width of 
frontal glabellar lobe is 1:4—1:5 times width of glabella at posterior margin on cranidia | cm 
long or larger. No glabellar muscle impressions defined. Small specimen (Fig. 68a) shows a 
prominent median tubercle at glabellar mid-length. Internal moulds show the typical cyclo- 
pygacean articulating pits in the axial furrows at the posterior cranidial margin. Minute pal- 
pebral lobes are about one-tenth sagittal cranidial length, and only gently arcuate-outwards, 
hence easily overlooked on poorly preserved material. Postocular facial sutures are gently 
convex-outwards, meeting the posterior margin at a right angle, often rounded. 

Free cheeks yoked together by doublure, as usual in advanced nileids. They probably hung 
down at a steep angle to create a broad upward arch about the mid-line, because on the 
flattened specimen they are twisted outwards relative to the doublure. Genal angle very broadly 
rounded, the profile of the cheek almost forming a semicircle. The small specimen with the 
cheek in place (Fig. 68e) shows that at this size there was certainly an eye. We have not found 
evidence of the visual surface on large specimens, and it is possible that it was lacking (note 
how the terrace ridges take an inward turn into the ocular area on Fig. 67c, an unusual feature). 
Doublure widens medially, with about fifteen very strong terrace ridges. 

Hypostome is typically nileid, subsquare in outline, with the middle body weakly defined, 
tapering backwards, and maculae at its posterolateral edges. The posteromedian acumination is 
not prominent. Terrace lines are strong, as on doublure, transverse over middle body, but 
curving parallel to the lateral edges of the borders. The hypostoma is generally less transverse 
than that of Nileus itself, but very like that of Poronileus (Fortey 1975: pl. 15, fig. 7) except for 
the less prominent median acumination. 

Eight thoracic segments of similar length (sag., exsag.) along the thorax, and with gentle axial 
taper; at third segment width of axis is 1-3-1:4 times the width of the pleura, but on very large 
specimens pleural width may equal or even exceed axial width. Articulation of usual nileid 
form: adaxial on first segment, and progessively removed from the axis posteriorly. Pleural 
furrows deep. 

Pygidium twice as wide as long, axis at front occupying less than one-third pygidial width 
and tapering gently posteriorly to rounded tip at three-quarters pygidial length. One axial ring 
is usually defined across the axis, the secondly feebly so at most, and there are additional 
indications of three (?four) axial segments as faint depressions alongside the axial furrows. 
Apart from a prominent half-rib, the pleural fields are unfurrowed on larger pygidia. On 
relatively small ones, about | cm across, one pair of pleural and interpleural furrows are defined 
(Fig. 69). The largest example is more than 2cm across, and is the largest transitory pygidium 
of any trilobite! It is relatively common for nileids to retain a single segment defined in the 
pygidium, but not normally to a diameter of 1 cm or more, and so this may be regarded as a 
neotenic feature associated with the relatively great size of I. harrisoni. A convex border is 
usually defined laterally, and never extends behind the axis. Doublure with inner outline closely 
following the posterior pygidial margin, its width at mid length (measured normal to the 
pygidial margin) being 0-5-0-6 of that of the pygidial axis anteriorly. 1t also carries terrace lines, 
but finer and denser than those on the cephalic doublure. An immature pygidium (Fig. 68d) is 
assigned to I. harrisoni, with a long, narrow axis and a few faint pleural furrows. 

The whole exoskeletal surface except the thoracic axis is covered with a dense, fine surface 
sculpture of lines. These are not terrace ridges; they are more like finely incised grooves. On 
well-preserved surfaces (Fig. 66d) they are themselves interspersed with other lines of the 


198 R. A. FORTEY & R. M. OWENS 


Fig. 68 Illaenopsis harrisoni (Postlethwaite & Goodchild 1886). Upper Arenig, Fennian, B. rushtoni 
Biozone, Pontyfenni Formation, loc. 23. a, b, well-preserved smaller cranidium, in relief, dorsal and 
oblique lateral views, x 6, 11.19685; c, latex cast of smaller pygidium, x 4, 1t.19686; d, presumed 
transistory pygidium with indications of four segments, x 6, It.19687; e, small cephalon in relief in 
nodule, showing eye on left (the apparent occipital ring is an artefact produced by the first thoracic 
segment), x 6, 1t.19688. 


utmost fineness. The lines are bowed forwards over the glabella and pygidial axis. On the free 
cheeks they run almost parallel with the margin except where curving inwards in the ocular 
region; on the pygidial pleural fields they are more or less transverse. 


DISCUSSION. This species is very close to I. thomsoni (Salter), as redescribed in Whittard (19615), 
particularly incorporating Procephalops hopense Whittard, 1967, into that species, as we sug- 
gested above. The lectotype (Whittard 19615: pl. 31, fig. 3) shows four clearly defined axial rings 
on the pygidium, which we cannot match on any specimen of I. harrisoni. We have observed 
the same feature on other specimens of I. thomsoni (e.g. BGS GSM292) from the Hope Shales, 
and the well-defined rings seem to be associated with a small amount of transverse extension; 
in any case they are not visible on other specimens (Whittard 1961b: pl. 31, fig. 4; 1966: pl. 50, 
fig. 7) which are little distorted. All the articulated specimens of I. thomsoni have wider thoracic 
pleurae, compared with I. harrisoni of similar size, such that the exoskeleton is more broadly 
oval, width only about two-thirds the length. Such wide thoracic pleurae can be matched on 
only the largest specimens of I. harrisoni. The holotype of Procephalops hopense is more 
elongate, but even here the axis is narrow, and there may have been a certain amount of axial 
extension on this specimen. The surface sculpture of I. thomsoni and I. harrisoni is similar. The 
most consistent difference relates to the width of the pygidial doublure, which is wider on 1. 
thomsoni, two-thirds or more the maximum pygidial axial width. The facial sutures behind the 
palpebral lobes on I. thomsoni diverge outwards at a higher angle than they do on I. harrisoni 
cranidia in relief, but since flattening would presumably alter this angle little reliance can be 
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Fig. 69 Illaenopsis harrisoni (Postlethwaite & 
Goodchild 1886) Upper Arenig, Fennian, B. 
rushtoni Biozone, Pontyfenni Formation, loc. 
23. Transistory pygidium, with one unreleased 
segment, x 3, It.19689. This species has the 
largest transitory pygidium of any trilobite. 


placed on it; again, very large I. harrisoni cranidia are httle different in this character. In 
general, specimens of I. thomsoni about 6 cm long most closely resemble those specimens of I. 
harrisoni which would have been perhaps 12cm or more long, and there may be no more 
difference between the species than a different rate of ontogenetic development. This is sup- 
ported by the fact that 'giant' transitory pygidia of I. harrisoni are known (Fig. 69) at a size 
when all thomsoni are mature. Undistorted material in relief of I. thomsoni is needed before the 
status of I. harrisoni can be clarified further. 

I. primula (Holub 1912) (see Kraft 1972; Horny & Bastl 1970; Fig. 66e herein) from the 
Arenig of Bohemia is also similar to /. harrisoni, but the fixed cheeks are probably narrower, 
and the eye larger, such that the palpebral lobe is about one-sixth cephalic length. The articu- 
lated specimen (Fig. 66e) of I. primula apparently shows only seven thoracic segments, but the 
cranidium is slightly displaced, and there may have been eight as in other Illaenopsis. In any 
case this would not constitute a generic difference. I. griffei Courtessole & Pillet 1976, from the 
Upper Tremadoc of Montagne Noire also has larger palpebral lobes than /. harrisoni, and the 
glabella hardly expands outwards at the level of the eyes. 


Family ILLAENIDAE Hawle & Corda 1847 


We here accept the arguments of Lane & Thomas (1983) in not recognizing subfamilial group- 
ings in the Illaenidae at this stage. 


Genus ECTILLAENUS Salter 1867 


TYPE SPECIES. lllaenus perovalis Murchison 1839, from the Llanvirn of the Shelve inlier, by 
original designation. 


DiaGnosis. Illaenid with more or less straight cephalic axial furrows; eye tiny, or absent; 
postocular facial suture incurved at its posterior end; hypostoma triangulate with anterior 
margin nearly transverse, or curved gently forwards medially; anterior wings long and rather 
narrow; thorax of ten segments, axis well defined; pygidium approximately as long (sag.) as 
cephalon, doublure extending for c. 30%-50% of pygidial length (sag.) 


REMARKS. The hypostoma of Ectillaenus (e.g. Šnajdr 1957: pl. 2, fig. 10; pl. 3, fig. 4; pl. 6, figs 2, 
3; Rábano & Gutiérrez-Marco 1984: pl. 3, figs 3, 4) contrasts strongly with that of Illaenus (e.g. 
Whittington 1965: pl. 52, figs 7-13; Fortey 1980: pl. 10, fig. 11) in being proportionately shorter 
and wider, with much narrower anterior wings and in lacking an indentation on the anterior 
margin. In these respects it more closely resembles that of certain styginids—e.g. Bumastus 
barriensis Murchison 1839 (see Lane & Thomas, in Thomas 1978: pl. 2, figs 5, 11a, b). 


Ectillaenus perovalis (Murchison 1839) 
(Figs 70a-1) 
1839  [llaenus? perovalis Murchison: 661; pl. 23, figs 7a, b. 


1867 Illaenus (Ectillaenus) perovalis Murchison; Salter: 211; pl. 26, figs 5-8. 
1875  Illaenus Hughesii Hicks: 184; pl. 9, fig. 7. 
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1909 Illaenus perovalis Murch.; Cantrill, in Strahan et al.: 33. 

1914 Illaenus perovalis Murch.; Thomas, in Strahan et al.: 27, 28. 

1961b Ectillaenus perovalis (Murchison) Whittard: 211; pl. 2, figs 6-13; pl. 30, figs 1, 2 (with further 
synonymy). 

1961b Ectillaenus hughesi (Hicks) Whittard: 214; pl. 30, figs 3-7 (with further synonymy). 

1984  Ectillaenus perovalis (Murchison); Rábano & Gutiérrez-Marco: 231. 

1984  Ectillaenus hughesi (Hicks); Šnajdr: 21. 


LECTOTYPE. Selected Whittard (1961b: 213). BGS GSM6844, complete internal mould from 
fine-grained tuff interbedded with Hope Shales, Hope Mill, Shelve inlier; figured Whittard 
1961b: pl. 29, figs 6, 7 (specimen lost— Whittard 1961b: 213). 


MATERIAL. Relatively common in Llanfallteg Formation at Llanfallteg; from D. levigena 
Biozone recorded from locs 52C, 52D, 52H, 521, 52N, 52P, 52Q, 52W and 52X, and from D. 
artus Biozone recorded from loc. 52. Also found in Llanfallteg Formation, D. artus Biozone at 
loc. 50, Cefn-maen-llWyd (1t.18938-9, BGS Pr1996), and loc. 55, Scolton (NMW 84.17G.125), 
quarry 119m SE of Cefn-farchen, south of Rhyd-y-wrách, Pem. 24SE E421 (BGS Pg96). Else- 
where in D. artus Biozone: old quarry at Dan-yr-Allt, 2-7 km SW of Bancyfelin, Carm. 45NW 
E44 (BGS JP4953), Llanvirn quarry (type locality of E. hughesii) and in Hope Shales Forma- 
tion, Shelve inher (see Whittard 1961b: 213, 215). 


DIAGNOSIS. Ectillaenus which lacks eyes. Cephalon with sculpture of closely-set terrace lines 
interspersed with rows of small puncta; entire pygidium with sculpture of puncta: small ones 
on pygidial axis, larger ones on pleural areas and the largest around posterior ends of axis. 
Pygidial doublure extending for almost 50% of pygidial length. 


REMARKS. This species was described fully by Whittard (19615: 211). He considered it to be 
separate from the contemporaneous E. hughesii, which he claimed is to be distinguished on 
proportions, on relative abundance and on the restriction of E. perovalis to few localities, with 
E. hughesii being ubiquitous in the lower part of the Hope Shales. The latter cannot be claimed 
in any way as biological differences, and there are no morphological features to back them up. 
In particular, the sculpture, which is clearly distinct in different Ectillaenus species, is identical 
in perovalis and hughesii. The only one of Whittard's criteria which could possibly have any 
validity is that of proportion. He claimed that length-breadth ratios could be used to dis- 
tinguish the species, stating (1961b: 214), for instance, that in pygidia width : length ratios of 
10:9 and 10: 6 are typical for E. perovalis and E. hughesii respectively. However, on foregoing 
pages (1961b: 212, 213) he noted that in perovalis the uncrushed holotype (sic) has pygidial 
proportions of 10: 7 whilst in partly crushed specimens they are 10 : 9. He thus seems to have 
placed greater stress on crushed specimens than on uncrushed ones in his arguments. Our 
specimens give pygidial ratios of between 10 : 5-5 and 10 : 7-5. All the material is to a greater or 
lesser degree crushed, but the least compressed specimens give ratios of between 10: 6 and 
10 : 7, which seem to represent the true proportional range. There can be no doubt that the 
wide range in ratios is to be accounted for by extrinsic agencies of crushing and compression. 
We thus consider that only one species is represented both in Shelve and in south Wales. 

Whittard (19615: 214) included the Bohemian species E. benignensis (Novak & Perner 1918) 
(Llandeilo, Dobrotivá Formation) and, with a mark of interrogation, E. sarkaensis (Novák & 
Perner 1918) (Llanvirn, Sárka Formation) in synonymy with E. hughesi, thereby extending the 
stratigraphical and geographical range of the latter considerably. Snajdr (1984) has, however, 
conclusively demonstrated that E. benignensis is a distinct species, with distinct sculpture and a 
narrower pygidial doublure (see Snajdr 1984: pl. 1, figs 4-6). E. sarkaensis (Snajdr 1957: pl. 3, 
figs 1-7; pl. 5, fig. 11) seems also to be distinct, with a much narrower pygidial doublure and 
more effaced cephalon and pygidium. 

Whittard (1961b) described two further species, E. cunicularis and E. bergaminus from the 
Shelve Church Beds and Tankerville Flags respectively. The former was based upon a crani- 
dium and a distorted pygidium, and he claimed (1961b: 210) that it differed from E. bergaminus 
(based on well-preserved complete specimens and isolated exoskeletal parts) in having less 
dense terrace lines which are more regular, a narrower cranidium and shorter pygidium in 
which the axis is well defined and an equilateral triangle in outline (compared with a biconcave 
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Biozone (c-f) or upper Arenig, Fennian Stage, D. levigena Biozone (a, b, g-i). a, cephalon with three 
thoracic segments, loc. 52N, Llanfallteg, x 5, 1t.18936; b, pygidium showing doublure, loc. 52I, 
Llanfallteg, x 2:5, 1t.18937; c, axial shield, latex cast from external mould, loc. 50, Cefn-maen-llWyd, 
x 2, It.18938; d, small axial shield, Cefn-farchen, x 4-5, BGS Pg96; e, complete specimen with 
cephalon damaged, to show rostral plate, Rhyd-y-wrach, x 1-5, NMW 33.189.G127; f, pygidium 
showing form of axis and doublure, loc. 50, Cefn-maen-llWyd, x 4, 1t.18939; g, large pygidium with 
part of thorax, showing sculpture, loc. 521, Llanfallteg, x 1-5, 1t.18940; h, laterally compressed axial 
shield, latex cast from external mould, loc. 52P, Llanfallteg, x 1-5, It.18941; i, complete specimen, 
preserving original proportions and relief, loc. 52W, Llanfallteg, x 2, It.18942. 
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axis, frequently unenclosed posteriorly in E. bergaminus). The Shelve Church Beds are now 
known to be of Fennian age, not Lower Arenig as Whittard supposed. Thus these species are 
more or less contemporaneous. A further topotype almost complete E. bergaminus (NM W 
72.5G.1a, b; Fig. 71a) has the pygidium partially exfoliated to expose a triangular, well-defined 
axis, and the cranidium has a sculpture of terrace lines like those on E. cunicularis. The 
paratype pygidium of E. cunicularis is a crushed and distorted external mould on which the axis 
seems to be accentuated. There seems little reason to retain cunicularis and bergaminus as 
separate species; we recommend that the latter name is used, since it is based upon more 
complete material. E. bergaminus differs from E. perovalis in having a minute eye (Whittard 
1961b: pl. 28, fig. 11) and in having a sculpture of terrace lines with only subordinate puncta on 
the cranidium and pygidium, the puncta on the latter concentrated on the posterior part. Rare 
Ectillaenus in the Fennian in south Wales, probably belonging to E. bergaminus, are described 
below. E 

Ectillaenus giganteus (Burmeister 1843) from the Llanvirn and Llandeilo of Brittany and the 
Iberian peninsula broadly resembles E. perovalis, but is immediately distinguished in possessing 
an eye and a much shorter (sag.) pygidial doublure (cf. Rábano & Gutiérrez-Marco 1984: pl. 1, 
figs 1, 7 and specimens shown in Fig. 70, p. 201). 


Ectillaenus ?bergaminus Whittard 1961b 
(Figs 71b-d) 


MATERIAL. Badly preserved complete specimen lacking free cheeks NMW 85.7G.1a, b, and 
cranidium 1t.18975, from Fennian, B. rushtoni Biozone, Capel-Dewi, locs 20D, E; pygidium 
It.18976 from same horizon, Pontyfenni, loc. 23. 


REMARKS. None of the material is sufficiently well preserved to assign it to E. bergaminus with 
confidence, but such morphological details as can be seen suggest that in all probability it 
belongs to this species. These include the fine terrace lines on the cranidium and pygidium 
(those on the latter can only be detected in the external mould NMW 85.7G.1b in very low 


Fig. 71 a, Ectillaenus bergaminus Whittard 1961b. Axial shield, upper Arenig, Fennian Stage, Tanker- 
ville Flags, Bergam quarry, Shelve inlier, x 2, NMW 72.5G.1a. b-d, E. ?bergaminus Whittard 1961b. 
b, badly preserved axial shield, Fennian Stage, loc. 20E, Capel-Dewi, x 1:5, NMW 85.7G.1a; c, 
cranidium, loc. 20D, Capel-Dewi, x 5, 1t.18975; d, pygidium, latex cast from external mould, loc. 23, 
Pontyfenni, x 6:5, It.18976. 
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angle light) and those on the lateral parts of the thoracic pleurae (cf. Whittard 1961b: pl. 29, 
fig. 2; Fig. 71b-d). The small pygidium from Pontyfenni has the pygidial axis more or less 
effaced, and is possibly specifically distinct from the Capel-Dewi specimens. 


Family TRINUCLEIDAE Hawle & Corda 1847 


Comparatively few trinucleids have been reported from the Arenig, and most are from Wales 
and the Welsh borders, although Hanchungolithus species occur in SE Ireland and southern 
France (Hughes et al. 1975: 553). In recent years they have also been documented from China 
(Lu 1975 [several 'Llanvirn' species herein are really Upper Arenig, Glyptograptus sinodentatus 
minor Biozone age: Zhou Zhiyi, personal communication 1984]; Yin & Lee 1978). All these 
occurrences are in shelf facies in the peri-Gondwanan area, attesting to the probable origin and 
early radiation of the family in this region. Most known hitherto in the Welsh area are from the 
Mytton Flags Formation, Shelve inlier, from which Whittard (1955, 1966) described species of 
Myttonia, Bergamia, Incaia, Lordshillia and Cochliorrhoe. The last-named has subsequently 
been synonymized with Bergamia, and the Incaia species transferred to Anebolithus (Hughes et 
al. 1975: 560). Elsewhere, the old species gibbsii and sedgwicki from Pwlluog, Whitesand Bay 
were placed by Whittard (1955) in Bergamia (the latter with a mark of interrogation); Whit- 
tington (1966) described M yttonia fearnsidesi from the Henllan Ash and Fortey & Owens (1978) 
M. cf. fearnsidesi from the Carmarthen Formation. 

The present study has revealed more trinucleids from the Whitlandian and Fennian, but no 
more from the Moridunian. Combining the information from these with that from already 
known material, it is now possible to reassess the early history of the Trinucleidae. Hughes et 
al. (1975: 583, fig. 120) gave concurrent ranges in the Arenig for Hanchungolithus, M yttonia, 
Anebolithus, Lordshillia and Bergamia, with only the latter extending into the upper half of the 
series (the presence of Hanchungolithus being inferred, for it is known also from the Llanvirn). 
Much of their information derived from the Mytton Flags species, but we are now able to offer 
greater stratigraphical precision. 

Moridunian strata in south and north Wales have yielded only Myttonia (although Han- 
chungolithus has recently been reported from the Llyn Peninsula: A. Beckly, personal commu- 
nication 1984). We presume that the lower part of the Mytton Flags Formation with M yttonia 
and Anebolithus is of (?mid-) Moridunian age (see also p. 98). Whittard (1966: 303) stated, and 
indicated on his table 2 (1961b: 209) that M yttonia multiplex ranged throughout the Mytton 
Flags, although in describing this species (1966: 273) he quoted examples only from the lowest 
Mytton Flags, and we have not seen specimens in substantiation of his higher stratigraphical 
records. Aside from this somewhat ambiguous information, all other M yttonia records are from 
the Moridunian, of which stage the genus appears to be characteristic. The earliest Whitlandian 
is characterized by Furcalithus gen. nov. (p. 207), which in the mid-Whitlandian is joined by 
early Bergamia species, and the distinctive Gymnostomix gibbsii. The first Stapeleyella occur in 
the early Fennian. We assume that the higher Mytton Flags (the horizon 2000ft above the 
base, of Whittard 1966) with Bergamia, Lordshillia and Anebolithus are of early Fennian age. 

It is thus apparent that there is a succession of trinucleids throughout the Arenig, with three 
distinct kinds— M yttonia, Anebolithus and Hanchungolithus—already present by the mid- 
Moridunian. Hughes et al. (1975: 553) proposed that all other trinucleids are likely to be 
derived ultimately from the Hanchungolithinae which they regarded (1975: 585) as the 'ances- 
tral trinucleid group'. We consider this unlikely, although we would admit that all presumably 
were derived from a single ancestral group in the Tremadoc. The morphology of Hanchungo- 
lithus, and of other members of the Hanchungolithinae as recognized by Hughes et al., except 
M yttonia, is broadly similar to that of early marrolithines, in particular Protolloydolithus. 
Indeed, it is only necessary to add E, and F pits to Hanchungolithus to derive a 
Protolloydolithus-like form; so we would concur with the Hanchungolithus—Protolloydolithus 
link they proposed (Hughes et al. 1975: 583, fig. 20). We are less convinced, however, by their 
contention that M yttonia is a late hanchungolithine. In his numerical taxonomic study of 
trinucleids, Temple (1980: 227) placed M yttonia cf. fearnsidesi Whittington (of Fortey & Owens 
1978) with the Trinucleinae, an association with which we agree, especially since Furcalithus, 
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unknown to Hughes et al., is morphologically and stratigraphically intermediate between M yt- 
tonia and Bergamia. Hughes et al. placed M yttonia in the Hanchungolithinae on account of 
such characters as the marginal girder and large number of irregular pits, but on the lower 
lamella of M. fearnsidesi Whittington (1966: 494) describes ‘a broad, smooth, gently convex 
area about which the fringe is flexed, . . . suggestive of a weakly developed girder’. A similar 
feature is present in M. cf. fearnsidesi (e.g. Fortey & Owens 1978: pl. 11, figs 4, 6). If an 
‘incipient girder’ such as this were to develop into a true girder, the fringe structure thereby 
produced would not be very different from that of Furcalithus radix, given further organization 
of the I series of pits. Despite the presence of a large number of irregular pits in M yttonia, these 
are fewer and much larger than in Hanchungolithus, but comparable in size and number to 
early trinucleines such as F. radix. We thus propose to transfer Myttonia to the Trinculeinae, 
even though it necessitates admitting into the subfamily a genus in which there is only rudimen- 
tary radial alignment of pits at best (see modified diagnosis below). 

Hughes et al. (1975: 583, fig. 120) placed Anebolithus between M yttonia and Lordshillia, 
presumably lending weight to the possession of a marginal girder. Such a placement is to us 
untenable, since it seems that Anebolithus developed a very simple fringe early on, and is much 
more difficult to link with M yttonia than are Furcalithus or early Bergamia. It is likely that 
Anebolithus represents a small, independent Arenig-Llanvirn lineage upon which some Berga- 
mia (e.g. B. rushtoni sp. nov. (p. 205); B. artemis Rushton & Hughes) with secondary simplifica- 
tion of the fringe, and reduction in the number of radii, converge morphologically. So far only 
two species of Anebolithus have been described, A. simplicior (Whittard) and A. sp. of Hughes 
(1971), the second represented by but one specimen. Whittard (1966) recorded A. simplicior 
from horizons 600ft and 2000ft above the base of the Mytton Flags. From the lower horizon 
there appears only to be a single specimen (Whittard 1955: pl. 3, fig. 7), most of the fringe of 
which is not preserved, and it may not be conspecific with A. simplicior. In fringe, genal, 
sculptural and pygidial characters the Whitlandian Gymnostomix gen. nov. (p. 215) closely 
resembles Anebolithus simplicior, and it is likely that the genera are closely related. 

Furcalithus is apparently restricted to the lower part of the Whitlandian. The pits are essen- 
tially radially aligned, with two E arcs and three or four 1 arcs, with some remnant irregularity 
apparent in the latter. It appears as if a Whitlandian radiation from Furcalithus gave rise on the 
one hand to Bergamia, through reduction in number of I arcs and development of deep radial 
sulci and increased organization of the posterolateral I pits, and on the other to Stapeleyella 
with its characteristic interradii on the E arcs. The earliest Stapeleyella, S. abyfrons, has a highly 
irregular arrangement of adventitious pits, giving rise to an incipient ‘Y’ arrangement of inter- 
radial ridges. Meraspides of S. inconstans figured by Whittard (1955: pl. 4, figs 11, 12) have a 
fringe with a large number of long, narrow radial sulci very like that mature Furcalithus? sp. 
(Fig. 76) from the Whitlandian of Ll$n (although the latter lack inter-radii in the E series), 
adding further weight for an origin of Stapeleyella in the Bergamia—Furcalithus complex. We 
agree with Hughes et al. (1975: 560) that Lordshillia, presumably derived from Bergamia in the 
late Whitlandian-early Fennian, almost certainly gave rise to Trinucleus. 


Subfamily TRINUCLEINAE Hawle & Corda 1847 


DIAGNOSIS. Fringe with no F pits, other than posterior fossula. Pits essentially radially aligned 
except in M yttonia, which has incipient alignment only. Glabella with prominent pseudofrontal 
lobe with three pairs of lateral glabellar furrows. Pits on upper lamella generally regularly 
arranged. Usually no occipital spine. 


REMARKS. The above diagnosis is essentially that of Hughes et al. (1975: 555), modified to 
include M yttonia (see also discussion above). 


Genus BERGAMIA Whittard 1955 


TYPE SPECIES. Bergamia rhodesi Whittard 1955, Fennian Stage, Tankerville Flags; Shelve inlier, 
Shropshire; by original designation. 


DIAGNOSIS. See Hughes et al. (1975: 558). 
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Bergamia rushtoni sp. nov. 
(Figs 72a-k) 


1906  Trinucleus sp.; Evans: 612 (list). 


HoLorvPr. NMW 21.306.G4a, b, dorsal exoskeleton with associated, displaced lower lamella, 
from Fennian, Pontyfenni Formation; loc. 23, Pontyfenni. 


PARATYPES. Numerous specimens from the type locality in BM(NH), NMW and BGS from the 
type locality; also from type horizon, loc. 20D, Capel-Dewi; BGS TCC759, a badly preserved 
cranidium from Rushmoor near Bancyfelin (Geol. Survey loc. Carm. 388W E45) probably also 
belongs to this species. 


STRATIGRAPHICAL RANGE. Fennian, B. rushtoni Biozone. 


DIAGNOSIS. Typically 15 or 16, rarely up to 18 radii per half-arc, in deep radial sulci in adult 
specimens, but sulci of E and I series separated in some immature ones; radii widely spaced in 
front of glabella, interradial areas considerably wider than radii, the latter becoming more 
crowded posterolaterally; E, and I, complete; E, close to E,, and commences normally at R2 
or R3; I, begins at R6 or R7; auxiliary pits commonly absent, but may rarely be developed in 
one or two interradii; coarse reticulation on glabella and genal lobe. 


NAME. For Dr A. W. A. Rushton, for the continued help he has given in this project. 


DESCRIPTION. Fringe rather narrow and of constant width. Typically 15 or 16, and rarely up to 
18 rows of pits per half-arc, in deep radial sulci in adult specimens (e.g. Fig. 72e), but E and I 
series separated in immature specimens (e.g. Fig. 72j). Radii widely separated in front of gla- 
bella, but become more crowded laterally; thus the interradial areas are about twice as wide as 
the sulci frontally, but are only as wide laterally. Most specimens have 15 or 16 radii per 
half-arc, in rare cases up to 18. E, complete, E; normally commencing at R2 or R3, but may be 
delayed until R9. Auxiliary pits rarely developed, and their position is random, for example 
e, > has been observed in iii and xiii. I, complete, I, developed from R5-R7 up to R15. A 
typical fringe formula is: E, 0-16, E, 3-15, I, 0-16, I, 7-15. 

Glabella with coarse reticulate sculpture and with swollen pseudofrontal lobe which over- 
hangs the fringe sagittally to obscure its inner portion in dorsal view. Three pairs of lateral 
glabellar furrows of which 1P and 2P are both deep and of similar depth; 3P weak and small, 
forming small indentation on the flank of the pseudofrontal lobe. Axial furrow narrow and 
deep at anterior end of pseudofrontal lobe, but backwards broadens where the posterior part of 
the glabella narrows, whilst the inner flank of the cheek runs more or less exsagittally. Occipital 
ring narrow and upturned, differentiated from the glabella by a broad, shallow occipital furrow 
that deepens into small pit close behind the 1P furrow. Genal lobe with a coarse reticulate 
sculpture, coarsest on the inner posterior part, finer towards the leading edges. There is a 
suggestion of a faint, backwardly oblique eye ridge on some specimens (e.g. Fig. 72b), a 
character typically absent in Bergamia. Pleuroccipital furrow broad and deep, and behind it is a 
very narrow, upturned posterior cephalic border. Genal spine long and grooved, extending 
considerably further backwards than the pygidium. 

Thorax of six segments, in general structure like those of other Bergamia species. The 
first four maintain an almost constant width (tr., the fifth and sixth being progressively 
narrower (tr.). 

Pygidium with three or four narrow axial rings, the axis extending backwards almost to the 
posterior margin where it impinges upon the downturned pygidial border. Pleural area with 
two weakly-defined ribs that extend to the well-marked inner edge of the border. 


REMARKS. The type species, B. rhodesi Whittard (1955: 32; pl. 3, figs 8-13) differs from B. 
rushtoni in having only auxiliary pits (e,_,) in RO, with E, and E; commencing at R1, a greater 
number of radii (18-19) and I, developed only in RI-R5, and a decidedly finer sculpture. B. 
inquilina (Whittard 1966: 278; pl. 48, figs 5-10) and B. matura (Whittard 1966: 280; pl. 48, figs 
11, 12) (possibly conspecific, see Hughes et al. 1975: 558) are both similar to B. rushtoni in 
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Fig.72 Bergamia rushtoni sp. nov. Upper Arenig, Fennian, B. rushtoni Biozone; all except i from 
Pontyfenni Formation, loc. 23, Pontyfenni. a, small entire specimen, latex cast, x 5, 1t.18943; b, axial 
shield with well-developed radial sulci, and traces of ocular ridges, x 3-5, NMW 84.11G.1a; c, axial 
shield with radial sulci only developed laterally, x 4-5, 1t.18944; d, axial shield with some 
anterolateral pits of E and I series not in sulci, x 5, 1t.18945; e, holotype, axial shield with associated 
displaced lower lamella, x 3:5, NMW 21.306.G4a; f, large axial shield with well-developed radial 
sulci frontally, x 4, NMW 84.11G.2a; g, incomplete lower lamella, x 6, 1t.18946; h, ditto, x 7, 
1t.18947; i, ditto, loc. 24, Llwyn-crwn, x 8, 1t.18948; J, small entire specimen, latex cast, x 4, NM W 


77.9G.35a; k, disarranged axial shield with some pits of E and I series separated anterolaterally, 
x 4:5, NMW 84.11G.3a. 


number of radii and distribution of pits in E,, I, and I,, but there are small differences in E;; in 
B. inquilina its development is irregular, and it commences at R3, R5, R7 or R8, extending to 
R14 or R15 (Whittard 1966: 279), and in B. matura ranges from RO or R1 to R17 (Whittard 
1966: 280). Both B. inquilina and B. matura have a comparatively large number of auxiliary pits 
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in e, and e, , and it is this feature more than any other that distinguishes them from B. rushtoni, 
in which auxiliary pits are but rarely developed (see above). It is likely that B. rushtoni has 
evolved from B. inquilina, B. matura or a similar form by the total or almost total loss of 
auxiliary pits, and a similar reduction has taken place in B. rhodesi. B. inquilina and B. matura 
are of late Whitlandian or earliest Fennian age, and thus occupy an appropriate stratigraphical 
position to have given rise to B. rushtoni in the Pontyfenni Formation and B. rhodesi in the 
Tankerville Flags. A further stage in the simplification of the fringe is seen in the Llanvirn 
species B. artemis Rushton & Hughes (1981: 630; pl. 2, figs 1-14, 16, 17) from the Great Paxton 
Borehole; here E, and E; (with 12-15 pits per half-arc) converge posterolaterally to form twin 
pits at about R10, and become a single arc in the last three radii. I, is the only inner arc 
developed. 

The dorsal exoskeleton of B. rushtoni shows a striking similarity to Anebolithus simplicior 
(Whittard) (Hughes et al. 1975: pl. 1, figs 17, 19), particularly in its cephalic sculpture and in the 
presence of deep radial sulci on the fringe. Without a lower lamella it might be easy to confuse 
the two, but they can be readily distinguished by the spacing of the sulci in front of the glabella. 
The interradial areas are narrower than the sulci in A. simplicior (Hughes et al. 1975: pl. 1, fig. 
17), but much wider in B. rushtoni (e.g. Fig. 72e). 


Bergamia sp. A 
(Fig. 73) 


MATERIAL. Incomplete external mould of cranidium, NMW 85.9G.1, from Whitlandian, Blaen- 
cediw Formation, Blaencediw Quarry (loc. 29). 


DESCRIPTION. The pseudofrontal lobe appears to be rounded and somewhat swollen; traces of a 
reticulate sculpture can be seen on the genal lobes. A half-arc has 24 radii in deep, rather 
narrow radial sulci; three pits can be seen in one of these, but the position of the girder is 
unknown. 


REMARKS. The disposition of pits in deep radial sulci suggests that this specimen is a Bergamia. 
A second similar fragmentary cephalon has been recovered from the same horizon at loc. 39, 
and specimens that are possibly conspecific have been found low in the section at Pwlluog (loc. 
61A). The latter include a very badly preserved, cleaved cranidium which shows distinct radial 
sulci like the present specimen, and which clearly differentiate it from G. gibbsii and F. sedg- 
wicki that occur higher in the section at Pwlluog. 


vf. - 
vu . i . 
, ut. Z Fig. 73 Bergamia sp. A. Middle Arenig, Whit- 
NAUES" 4\ landian, ?F. radix Biozone, Blaencediw Forma- 
- Al tion, loc. 31, Blaencediw. Incomplete cranidium, 


latex cast showing radial sulci and traces of 
reticulation on genal lobe, x 5, NMW 85.9G.1. 


Genus FURCALITHUS nov. 
TYPE SPECIES. Furcalithus radix sp. nov. 


NAME. Latin furca, ‘a pitchfork’, which some radii with closely associated interradii in type 
species resemble, plus suffix -lithus. 


DIAGNOSIS. Trinucleine with radial sulci only very weak, if present; E}, E, complete; I,, I, 
complete, I, complete or extending round most of fringe, I, may also be present; 4-?8 inter- 
radii present in I series. Pygidium with axis reaching, but not impinging on, narrow posterior 
border. 
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REMARKS. The general relationships between Furcalithus and other contemporaneous tri- 
nucleines are discussed above. Main differences from M yttonia are: presence of girder and 
radially aligned pits around entire fringe (apart from proterolateral corners); from contempora- 
neous Bergamia species, Furcalithus differs in the lack of deep sulci, presence of more I arcs, 
presence of interradii in the I series and a narrower pygidial border onto which the axis does 
not extend. However, the Llandeilo Bergamia species B. prima and B. whittardi (Hughes 1971: 
140 and 146 respectively) have more pits in the I series than do earlier ones, and in this respect 
resemble Furcalithus. However, interradii are absent and the pygidium has the typically broad 
border of Bergamia; the similarity of the fringe is presumably the result of convergence. 


Furcalithus radix sp. nov. 
(Figs 74a-e, 75) 


HoLoTYPE. 1t.18949, dorsal exoskeleton lacking lower lamella and genal spines. 


TYPE LOCALITY AND HORIZON. Whitlandian Stage, Furcalithus radix Biozone; about 70m above 
base of Afon Ffinnant Formation, Cwm yr Abbey, loc. 16K. 


PARATYPES. 1t.18950, NMW 84.10G.9a, b-14a, b, all from basal 100 m of Afon Ffinnant Forma- 
tion, Cwm yr Abbey, loc. 16L. 


STRATIGRAPHICAL RANGE. Whitlandian, F. radix Biozone, basal 100m of Afon Ffinnant 
Formation. 
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Ffinnant Formation. a, holotype, axial shield, loc. 16K, Cwm yr Abbey, x 5, 1t.18949; b, incomplete 
axial shield, loc. 16L, Cwm yr Abbey, x 6, NM W 84.10G.11a; c, partial lower lamella, loc. 18E, Afon 
Ffinnant, x 5, 1t.18950; d, lower lamella with genal spine, locality as Fig. 74b, x 4, NMW 
84.10G.12a; e, cranidium with five thoracic segments, locality as Fig. 74b, x 5, NM W 84.10G.13b. 
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Fig. 75 Half-fringe of Furcalithus radix gen. et 
sp. nov., showing distribution of pits, based on 
Fig. 74e. 


DIAGNOSIS. Radii per half-arc 20-22, E,, E; complete, with paired pits, close together; I,, I,_3 
complete; four or five interradii in I series, typically at or near radii 4, 6, 14 and 17; weak 
flexure on genal lobe. 


NAME. ‘A root’; the earliest member of the Furcalithus- Bergamia-Stapeleyella stock. 


DESCRIPTION. Glabella with deep 1P, 2P and 3P furrows. Glabellar node about half-way along 
glabella. Axial furrows broad and shallow, with anterior fossula represented by a weak linear 
feature. A short distance abaxially from 1P furrow, and slightly posterior to it, there is a small, 
shallow pit. There is a second similar pit a short distance behind the 1P furrow (well seen on 
Fig. 74b); this we interpret as the occipital pit, although some trinucleines possess two small 
pits in addition to the occipital pit close to the base of the glabella (Hughes et al. 1975: 541). 
Occipital furrow broad and shallow; occipital ring a narrow, backwardly-curving band, 
without spine. At posterior end of axial furrow is a weak, elongate alar lobe. 

Genal lobe traversed by a weak flexure which near the genal angle is expressed as a narrow 
ridge which runs onto the posterior cephalic border. A small posterior fossula is situated just 
adaxial to this ridge in the posterior border furrow. The flexure has the appearance of being 
accentuated in front of the glabella, but this seems in large part to be a result of compression. 
The genal lobes and glabella have a fine reticulate sculpture, that of the leading edges of the 
former being somewhat finer. The axial furrows are devoid of such sculpture. Fringe strongly 
flexed at the girder, the position of which on the dorsal surface is indicated by a smooth band 
(see especially Fig. 74e); this is not a raised ridge, or ‘list’ (cf. Hughes et al. 1975: 550). Twenty 
to twenty-two radii per half-arc, not in sulci, although these appear to be present on internal 
moulds (Fig. 74a). E, and E, complete, close together. E, pits seen in radii 9, 16 and 17 on one 
specimen (Fig. 74e). 1, and I, , extend at least as far as radius 17 or 18, posterior to which the 
arrangement becomes more or less chaotic. On the best-preserved fringe (Fig. 74e) interradii 4, 
6, 14 and 17 are well seen, but position of the interradii does not appear to be consistent, 
although there is insufficient material to be able to analyse this statistically. Certain interradii 
converge in an outwards direction with adjacent radii to produce a ‘fork’. Thorax of six 
segments, of the normal trinucleine structure. Pygidium with narrow border, weakly reflexed on 
either side of the axis, which just impinges onto it. Six or seven axial rings, which become 
progressively more weakly defined backwards. Pleural fields with five pairs of ribs, more clearly 
identified on external rather than on internal moulds. 


Furcalithus sedgwicki (Salter 1866b) 
(Figs 76a-d) 


1866b Trinucleus Sedgwicki Salter: 319; pl. 12, fig. 9. 

1881  Trinucleus Sedgwicki Salter; Salter & Etheridge: 516; pl. 12, fig. 9 (copy of Salter, 1866). 
non 1906  Trinucleus sedgwickii Salt.; Evans: 609 (list) [= Stapeleyella abyfrons]. 
non 1914  Trinucleus sedgwicki Salt.; Thomas, in Strahan et al.: 14 [= M yttonia cf. fearnsidesi]. 

1955  Bergamia? sedgwicki (Salter) Whittard: 33; pl. 4, figs 3, 4. 

1960 ?Bergamia sedgwicki (Salter); Whittard: 182 (list). 

1971. Bergamia? sedgwicki (Salter); Hughes: 145. 

1975  Bergamia? sedgwicki (Salter); Hughes et al.: 558. 

1980  Trinucleus sedgwicki Salter; Temple: 224. 
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LECTOTYPE (here selected). GSM 49670, cephalon. 


TYPE LOCALITY AND HORIZON. Whitlandian Stage, Gymnostomix gibbsii Biozone; south side of 
St David's Head (presumably Pwlluog, vicinity of locs 61D and F), Dyfed. 


MATERIAL. Cranidia and cephala from type stratum, Pwlluog, locs 61C-F. 
STRATIGRAPHICAL RANGE. Whitlandian, G. gibbsii Biozone. 


DiAGNOSIS. Approximate distribution of pits as follows: 17-19 radii per half-arc, E,, E; com- 
plete; I, , I; 0-16 or 17, I; (?)6-16; interradii in, il? ii-vi, xii-xv; i, at least xii, xiii, xiv. Glabella 
and genal lobes apparently smooth. 


DESCRIPTION. The small amount of material available of this species is all indifferently preserved 
and variously distorted. The proportions of the glabellar and genal lobes are like F. radix. The 
fringe differs in that the individual pits are larger, there are fewer radii, a greater number of 
interradii, and no I, in the I series; there are fewer irregular pits on the posterolateral corners. 


REMARKS. Whittard (1955: 34) remarked on the difference in the I series of pits between F. 
sedgwicki and the type species of Bergamia, B. rhodesi, and only placed sedgwicki in Bergamia 
with considerable doubt. These same characters of the I series are very similar to those of F. 
radix, and are noted above. 

Whittard (1955: 31) suggested that trinucleids from the Whitlandian of Dwyrhos, Aberdaron 
and Nant-y-Gadwen, Llŷn Peninsula, may belong to M yttonia, but noted that the external pits 
in the upper lamella appear to occur in sulci. We have obtained and examined further material 
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Fig. 76 Furcalithus sedgwicki (Salter 18665). Middle Arenig, Whitlandian Stage, G. gibbsii Biozone, 
Penmaen Dewi Formation, Pwlluog, Whitesand Bay. a, cephalon, latex cast from external mould, 
x 3, 1n.38217; b, cranidium, x 4, BGS GSM49672 (original of Whittard 1955: pl. 4, fig. 4); c, 
cephalon, latex cast from external mould, loc. 61F, x 4, 1t.18953; d, lectotype cephalon, latex cast 
from external mould, x 3, BGS GSM49670 (original of Whittard 1955: pl. 4, fig. 3). 
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Fig. 77 Furcalithus? sp. Middle Arenig, Whilandian Stage, Llyn Peninsula, Gwynedd; Dwyrhos, 
Aberdaron (a, b, e) or east side of Nant-y-Gadwen, Rhiw (c, d). a, small cranidium with associated 
thoracic segments, x 10, NMW 27.110.G276; b, complete specimen, cephalon damaged (note broad 
genal spine), x 4, 114282; c, incomplete lower lamella, x 4, It.18951; d, incomplete cranidium, latex 
cast from external mould, x 8, It.18952; e, cephalon, showing long, broad genal spines, x 4, NM W 
27.110.G275. 


(Figs 77a-e) from these localities. The general aspect of the fringe is not unlike F. sedgwicki, but 
we can confirm the presence of distinct radial sulci; the poor preservation of the available 
specimens means that it is not possible to be certain whether or not there are interradii in the I 
series. There are arguments for placing this material either in Bergamia (distinct radial sulci) or 
in Furcalithus (the probability of a large number of I arcs); because it bears closest resemblance 
to F. sedgwicki, we place it with question in Furcalithus, but definite assignment must await 
better material. 


Genus STAPELEYELLA Whittard 1955 


TYPE SPECIES. Stapeleyella inconstans Whittard, 1955; from Lower Llanvirn, D. artus Biozone, 
topmost Hope Shales Formation, Shelve inlier: by original designation. 


DIAGNOSIS. E, ; and sometimes E, present, and all generally complete; some pits of E, may be 
present. I,, I, complete, very close together frontally. Pits on upper lamella in radial sulci, many 
interradial ridges bifurcating external to E, to produce intercalated short sulci with E; or E; 
and E, and frontally E,, typically forming a series of 'Y's, but arrangement may be highly 
irregular. Pygidium like Bergamia. 


REMARKS. We have modified the diagnosis of Stapeleyella given by Hughes et al. (1975: 559) in 
order to accommodate S. abyfrons sp. nov. (see below). This extends the range of the genus at 
least as far back as the early Fennian. Its possible relationships with Furcalithus and Bergamia 
are discussed above. 
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Stapeleyella inconstans Whittard 1955 
(Figs 78a-f) 
1955  Stapeleyella inconstans Whittard: 36; pl. 4, figs 7-13; pl. 5, figs 1-6 (with earlier synonymy). 


1975  Stapeleyella inconstans Whittard; Hughes et al.: 559; pl. 2, figs 29-31. 
1980 Stapeleyella inconstans Whittard; Temple: 221. 


LEcTOTYPE (selected Temple 1980: 221). GSM 92971, complete dorsal exoskeleton on slab with 
two individuals (figd Whittard 1955: pl. 4, fig. 7 (left hand specimen); Hughes et al. 1975: pl. 2, 
fig. 29 (upper specimen)). 


TYPE LOCALITY AND HORIZON. Topmost Hope Shales Formation, path W of Brithdir, 1-6km 
ENE of Old Church Stoke, Powys (Shelve inlier). 


OCCURRENCE IN SOUTH WALES. Arenig, highest Fennian Stage, Llanfallteg Formation, Llanfall- 
teg (locs 52A-C, N, R, T-X). Llanvirn, artus Biozone, Llanfallteg (loc. 52), Llanilwyd, St Clears, 
Cefn-maen-llWyd, Rhyd-y-wrách (loc. 50), Llandissilio (loc. 53), Long Plantation railway 
cutting, Scolton (loc. 55), railway cutting WNW of Clarbeston Road station. 


DIAGNOSIS. Stapeleyella with E,-E, normally complete, but E; sometimes absent from more 
anterior radii. E; may be developed laterally. Interradii with e; and e, (but only exceptionally 
with e,), these pits normally persisting to interradii 9 or 10, occasionally extending as far as 16. 
Interradial ridges enclosing interradii give rise to characteristic ‘Y’s on anterior part of fringe. 
Ij, I, normally complete, although in some only I, present frontally. I, and I, may appear as 
early as third and eighth radii respectively, but can appear in more posterior radii. Sculpture 
reticulate, coarse on glabella, finer on genal lobes. 


Fig. 78  Stapeleyella inconstans Whittard 1955. Llanfallteg Formation, Upper Arenig, Fennian Stage, 
D. levigena Biozone (a, f) or lower Llanvirn, D. artus Biozone (others). a, moult arrangement showing 
lower lamella, loc. 52U, Llanfallteg, x 3, It.18954; b, incomplete lower lamella, loc. 52, Llanfallteg, 
x 3, It.18955; c, group of specimens, loc. 55, Scolton, x 3:5, It.18956; d, incomplete lower lamella, 
Clóg-y-frán, Whitland (Geological Survey loc. 37SE WA1), x 2-5, BGS TCC866); e, cephalon with 
attached thoracic segments, latex cast from external mould, loc. 55, Scolton, x 5, 1t.18957; f, 
pygidium, loc. 52B, Llanfallteg, x 4, 1t.18958. 


ARENIG IN SOUTH WALES 213 


REMARKS. Whittard (1955: 36) described this species in detail, and noted the variable nature of 
details on the fringe. The material from south Wales falls within the range of variation 
described by Whittard, although in this material most specimens apparently have only I, 
present anteriorly, whilst Whittard (1955: 37) noted that only occasionally I; (i.e. I, in current 
terminology) is delayed until the eighth radius, with the norm being the presence of complete I, 
and I, arcs. However, I, and I, tend to be very close together frontally, so any distortion, 
which is widespread in our samples, could easily make a close pair of pits appear as one. 
Nevertheless, several specimens (e.g. Fig. 78b) definitely have only I, anteriorly. In the E series, 
most specimens have complete E,—E, arcs, although some have only E, and E,. Those with 
only E, and E, frontally occur in samples which include specimens with E, , frontally. 

Our material is neither plentiful enough nor sufficiently well preserved for the identification 
of any successive changes in fringe morphology, if indeed such occur. S. inconstans is uncom- 
mon in the Arenig part of the Llanfallteg Formation, but becomes abundant in the basal 
Llanvirn, and slabs have been found at Scolton with large numbers of specimens. 

Two further species from the Lower Llanvirn of England and Wales have been ascribed, one 
with question, to Stapeleyella. Whittard (1955: 40) distinguished S. murchisoni (Salter), possibly 
from the Arenig, but more likely from the Lower Llanvirn, of the Shelve inlier, from S. 
inconstans on: 


'the more elongated glabella, on the sloping outer face of the cheek-lobe and on the absence of deep 
second and third glabellar furrows, of a pseudofrontal lobe, of a median tubercle, of a reticulated orna- 
ment on the glabella, and of a scrobiculate ornament on the cheek-lobes; the fringe is also more simple 
because the inner series of pits shows no more than two rows (?) and few auxiliary pits appear in the outer 
series’. 


The type material of S. murchisoni is variously distorted, and we suspect that many of these 
‘differences’ are due to the vagaries of preservation. However, the details of the fringe do seem 
to be distinct. 

The type material of S.? etheridgei (Hicks) from the Lower Llanvirn of Llanvirn Quarry is 
badly preserved and distorted. It was placed by Whittard (1955: 34) in Bergamia with doubt, 
and transferred tentatively to Stapeleyella by Hughes et al. (1975: 560). Since S.? etheridgei 
occurs at exactly the same horizon as S. inconstans elsewhere in south Wales, it seems likely 
that it belongs to the same species. However, without extra better-preserved specimens from 
Llanvirn Quarry we regard it best for the time being to restrict the name S.? etheridgei to the 
type material. 


Stapeleyella abyfrons sp. nov. 
(Figs 79a-h) 
1906  Trinucleus Sedgwickii Salt.; Evans: 609 (list). 


1914  Trinucleus sp.; Thomas, in Strahan et al.: 19 (list). 
1914  Trinucleus gibbsi Salt.; Thomas, in Strahan et al.: 19 (list). 


HororvPk. It.18962, dorsal exoskeleton lacking lower lamella. 


TYPE LOCALITY AND HORIZON. Fennian, S. abyfrons Biozone, Pontyfenni Formation; Pen-y-parc 
(loc. 38). 


PARATYPES. Numerous specimens (e.g. It.18959-61, 1It.18964-5, NMW 84.17G.140-159) from 
type locality, several specimens (It.18963, NMW 84.17G.161—3) from Regwm (loc. 26), and one 
specimen from entrance to former Llangan vicarage. 


STRATIGRAPHICAL RANGE. Fennian, S. abyfrons Biozone. 


Diagnosis. Radii 16-17. E,_, complete, with e,_, or e; only in interradii o, iv, v or ix or close 
thereto, but distribution highly variable, and can occur up to 12th interradius. Resultant 
crudely ‘Y’-shaped interradial ridges irregularly disposed, and fewer than in S. inconstans. I, , I, 
complete. Some I, pits laterally paired. Very fine reticulate sculpture on glabella and genal 
lobes. 
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Fig. 79 Stapeleyella abyfrons sp. nov. Upper Arenig, Fennian Stage, Pontyfenni Formation, S. 
abyfrons Biozone; loc. 38, Pen-y-parc (except e). a, cranidium, x 6, 1t.18959; b, small complete 
specimen, latex cast from external mould showing bacculae, x 3-5, It.18960; c, lower lamella, x 3-5, 
1t.18961; d, latex cast from holotype, external mould of almost complete axial shield, x 2, It.18962; e, 
small cranidium with attached thoracic segments, loc. 26, Regwm, x 8, 1t.18963; f, small pygidium, 
latex cast from external mould, x 10, BGS Pr1765; g, lower lamella, x 6, It.18964; h, lower lamella, 
x 6,1t.18965. 


NAME. In reference to lack of ordered Y-shaped interradial ridges. 


DESCRIPTION. Glabella clavate, with deep 1P and 2P furrows, and weak 3P on pseudofrontal 
lobe. Small occipital pit a short distance behind 1P furrow, running into axial furrow close to it. 
Occipital furrow very shallow medially, occipital ring rather narrow, without spine. Broad, 
shallow axial furrow narrows and deepens anteriorly in vicinity of pseudofrontal lobe. Promi- 
nent, small, ovate alar lobe at posterior end of axial furrow. Genal lobes evenly rounded; those 
and glabella with very fine reticulate sculpture. 

Fringe narrow, with 16-17 radii, strongly flexed at girder. E, ; complete. e; ; or e; only in 
some interradii, concentrated towards the anterior; a typical distribution is in o, iv, v and ix, 
but there is considerable variation on this pattern. These give rise to a few irregularly disposed, 
commonly asymmetrical ‘Y’-shaped interradial ridges. 1,, I, complete; some pits in I, laterally 
paired, the components of each pair being very close together. Pits near posterolateral corner of 
fringe irregularly disposed. Pygidium and thorax like those of S. inconstans except that the 
pygidial border does not broaden so much towards the posterior and the pleural furrows are a 
little deeper. 


REMARKS. S. abyfrons is the earliest Stapeleyella so far recorded. The principal distinctive 
feature which differentiates it from S. inconstans is the comparative disorganization of the e pits 
to produce a small number of rather irregularly disposed, ill-formed ‘Y’-shaped interradial 
sulci; there are fewer pits in both the E and I series. The presence of two arcs of E pits and two 
of I makes S. abyfrons intermediate in this feature between contemporaneous Bergamia with 
E, ; and I, and S. inconstans. The differentiation of Stapeleyella from Bergamia presumably 
took place in the Whitlandian, and the lower Llanvirn specimen that Hughes et al. (1975: 558; 
pl. 2, fig. 28) suggested was an ‘intermediate’ stage between Bergamia and Stapeleyella from 
north Wales is evidently not on this part of the phyletic lineage. It seems more likely to be a 
different Stapeleyella species. 
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Stapeleyella aff. abyfrons sp. nov. 
(Figs 80a, b) 


1909  Trinucleus sp.; Thomas, in Strahan et al.: 18. 
MATERIAL. Disarranged dorsal exoskeleton, and several cephalic fragments. 


HORIZON AND LOCALITY. Fennian, Pontyfenni Formation, ?B. rushtoni Biozone; cutting on A40, 
Castell-y-waun, west of Bancyfelin (loc. 21). 


DESCRIPTION. Glabella and genal lobes with fine reticulate sculpture, occipital ring without 
spine. Sixteen radii per half-arc. E,, E, complete, very close together anteriorly, more widely 
separated posteriorly. A few interradii with e, and e, present towards anterior. 1, and I}, like 
the E series, very close together anteriorly, and more widely separated posteriorly. Both appar- 
ently complete; I, in fifteenth and possibly sixteenth radius. 


REMARKS. The presence of interradii in the E series invites comparison with such species as 
Bergamia rhodesi Whittard, B. matura Whittard and B. inquilina (Whittard), although there are 
apparently fewer than in any of these species. Unlike those, there is an (apparently) complete I, 
(note that Whittard 1955, 1966 used a different I series terminology from that used here) and 
some I,. The presence of incomplete E, and E,, together with (apparently) complete I, and 1,, 
immediately invites comparison with Stapeleyella abyfrons, although there are fewer radii, 
larger pits and greater regularity, with only a few interradii in the E series and no paired [,. 
Although there are virtually no characteristic Y-shaped interradial ridges, we on balance prefer 
to associate these specimens with Stapeleyella, for other fringe characters are more similar to 
contemporaneous members of this genus than they are to those of Bergamia. 


b 


Fig. 80 Stapeleyella aff. abyfrons sp. nov. Upper Arenig, Fennian Stage, Pontyfenni Formation, ?B. 
rushtoni Biozone, loc. 21, Castell-y-waun. a, complete specimen, x 5, It.18966; b, latex cast from 
external mould of same specimen, x 5. 


Genus GYMNOSTOMIX nov. 
TYPE SPECIES. Trinucleus gibbsii (Salter in Murchison 1859). 
NAME. Greek yvuvóç bare, plus oxóvv£, a beam, in reference to the marginal girder. 


DIAGNOSIS. Fringe narrow with marginal girder. I, and I, complete, I; present anteriorly and 
anterolaterally, a few I4 anterolaterally. Prominent crest on genal lobe, extending across 
anterior end of axial furrow and merging with front of glabella. Pygidium like Bergamia. 


REMARKS. Whittard (1955: 34) placed the type species of Gymnostomix in Bergamia, and sug- 
gested that it might be the same as B. rhodesi. He listed a number of syntypes and gave a fringe 
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formula which included both E and I arcs, but admitted that it might be unreliable because of 
poor preservation of the syntypes. He was clearly mistaken in identifying E and 1 arcs, for G. 
gibbsii has a marginal girder (well seen in Figs 81c, d), which feature immediately distinguishes 
it from Bergamia. Instead G. gibbsii shows a greater or lesser degree of resemblance to other 
trinucleid genera with a marginal girder, Anebolithus, Incaia and Famatinolithus. From all it is 
distinguished by the presence of prominent genal ridges; in addition it differs from Anebolithus 
(Hughes et al. 1975: pl. 1, figs 16-19) in possessing some pits in l, and I, and lacking deep 
radial sulci. Famatinolithus (Hughes et al. 1975: pl. 1, figs 13-15) differs in having a broad 
marginal rim, no genal prolongations and a preglabellar field. Incaia (Hughes & Wright 1970: 
pls 127, 128; Hughes et al. 1975: pl. 2, figs 20-22) has a similar fringe, but differs in having 
prominent lateral eye tubercles and a different pygidial structure. Immature G. gibbsii (Fig. 81g), 
however, have distinct eye ridges, in contrast with, for example, similar-sized Stapeleyella 
inconstans (Whittard 1955: pl. 4, fig. 9) and Bergamia whittardi (Hughes 1971: pl. 8, figs 4, 6). 

Of the three genera discussed above, Gymnostomix shows closest resemblance to Anebolithus, 
the earliest representative of which occurs in the Moridunian, low in the Mytton Flags Forma- 
tion, Shelve inlier, and it seems likely that its origins lie in this genus. 


Gymnostomix gibbsii (Salter in Murchison 1859) 
(Figs 812a-j) 


1859  Trinucleus Gibbsii Salter, in Murchison: 53; Fossils (9), fig. 7. 
1866b Trinucleus Gibbsii Salter; Salter: 319; pl. 12, fig. 10 [copy, Salter in Murchison, 1859]. 
1867  Trinucleus Gibbsii Salter; Murchison: 51; Fossils (10), fig. 7 [copy, Salter in Murchison, 
1859]. 
1872  Trinucleus Gibbsii Salter; Murchison: 51; Fossils (10), fig. 7 [copy, Salter in Murchison, 
1859]. 
1873  Trinucleus Gibbsii Salter; Salter: 22 [with figure]. 
1881  Trinucleus Gibbsii Salter; Salter & Etheridge: 380 (list), 516; pl. 12, fig. 10 [copy, Salter in 
Murchison, 1859]. 
non 1884  Trinucleus Gibbsii Salter; La Touche: 56; pl. 2, fig. 33 [= Stapeleyella inconstans Whittard 
1955]. 
1906  Trinucleus sp.; Evans: 608 (list). 
?non 1913  ?Trinucleus Gibbsii Salter; Postlethwaite: 14 (list). 
non 1914  Trinucleus gibbsi Salter; Thomas, in Strahan et al.: 19 (list). [= Stapeleyella abyfrons sp. 
nov. |. 
non 1932 Trinucleus gibbsi Salter (= T. etheridgei Hicks); Matley: 262 [= Bergamia? sp. of Hughes et 
al. 1975: 558; see discussion of S. abyfrons]. 
1955  Bergamia gibbsi (Salter) Whittard: 33; pl. 4, figs 1, 2, 5. 
1960 Bergamia gibbsi (Salter); Whittard: 182 (list). 
1971  Bergamia gibbsi (Murchison); Hughes: 145. 
1975  Bergamia gibbsi (Salter in Murchison); Hughes et al.: 558 (list). 
1982  Bergamia gibbsii (Salter in Murchison); Owens & Fortey, in Bevins & Roach: 76 (list). 
1982  Bergamia gibbsii (Salter in Murchison); Owens & Fortey: 257 (list). 


LECTOTYPE (selected Temple 1980: 221). GSM 23037, external mould of cephalon and thorax. 


TYPE LOCALITY AND HORIZON. Whitlandian, Penmaen Dewi Formation; old slate quarry south 
of St David's head (presumed to be our loc. 61F). 


OTHER MATERIAL. Numerous specimens from Penmaen Dewi Formation, Pwlluog (loc. 61E, F); 
Colomendy Formation, Rhyd Henllan (locs 47A, B) and Whitland Abbey members (loc 27), 
and Afon Ffinnant Formation, loc. 18C. 

Outside south Wales, G. gibbsii has been found in the Whitlandian of Parwyd, Llŷn Penin- 
sula (A. Beckly, personal communication, February 1984) Postlethwaite's (1913) doubtful 
record from the Lake District seems to have been spurious, for no trinucleids are known from 
the Arenig part of the Skiddaw Slates Group; the only records appear to have been from the 
Llanvirn part in the Cross Fell inlier (Dr A. W. A. Rushton, personal communication, February 
1984). 
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Fig. 81 Gymnostomix gibbsii (Salter in Murchison 1859). Middle Arenig, Whitlandian Stage, G. gibbsii 
Biozone, Penmaen Dewi Formation, Pwlluog, Whitesand Bay (a-f), or Afon Ffinnant Formation, 
loc. 18C, Afon Ffinnant (g-j). a, lectotype cephalon and thorax, latex cast from external mould, old 
slate quarry (probably loc. 61F), x 4, BGS GSM23037 (original of Whittard 1955: pl. 4, fig. 1); b, 
complete specimen, latex cast from external mould, x 3-5, BM(NH) 46404; c, latex cast of ventral 
side of cephalon, showing marginal girder, loc. 61F, x 3, 1t.18967; d, cephalon, internal mould 
showing marginal girder, x 4, 11370; e, cranidium, loc. 61F, x 5,1t.18968; f, cranidium, x 4:5, BGS 
GSM23034 (original of Whittard 1955: pl. 4, fig. 2); g, meraspid cranidium with eye ridges, x 15, 
It.18969; h, pygidium, x 8, It.18970; i, incomplete cranidium, latex cast of external mould, x 10, 
It.18971; j, incomplete cranidium, x 10,1t.18972. 


STRATIGRAPHICAL RANGE. Whitlandian, middle and upper parts. 


DIAGNOSIS. Fringe with I, and I, complete, I, present anteriorly and anterolaterally, a few I, 
anterolaterally. Sculpture of coarse reticulate pattern on glabella and posterior genal lobes; 
finer on anterior part of genal lobes. 
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DESCRIPTION. Glabella clavate, expanding rapidly forwards. Deep IP and 2P furrows, 3P 
probably present. Small glabellar node. Small, ovate, alar lobe at posterior end of axial furrow, 
occipital ring narrow, backwardly curving, and without spine. Genal lobe with prominent crest 
running from posterolateral corner to merge with front of glabella and enclosing anterior end 
of axial furrow. In the broad posterior border furrow, just inside the crest, there is a prominent 
posterior fossula. On glabella and genal lobe posterior to crest there is a coarse reticulate 
sculpture; the leading edge of the genal lobe, anterior to the ridge, has a very fine reticulate 
sculpture. This is commonly obscured when preservation is poor (Fig. 81a). A similar differen- 
tiation of genal lobe sculpture is seen in Anebolithus simplicior (e.g. Hughes et al. 1975: pl. 1, figs 
17, 19). An immature cranidium (Fig. 81g) has prominent eye ridges, but no trace of these is 
present in the adult. 

Fringe narrow with narrow, upturned margin and rather narrow marginal girder. Number of 
radii in range 18-21. I, and I, complete in very shallow radial sulci (accentuated by certain 
directions of distortion). I, commonly present in anterior radii, typically between 2 and 6. 
Occasionally I, seen in posterior radii (e.g. Fig. 81a). I} rarely present in radii 2-4. 

Thorax of typical trinucleine structure; pygidium similar to that of Bergamia, with broad 
margin which widens towards the sagittal line. Axis impinges onto margin, and contains 4-5 
axial rings. 


REMARKS. Gymnostomix gibbsii is readily recognized and distinguished from other trinucleids by 
the presence of the distinctive genal ridges, which make it distinctive in the field and a valuable 
guide fossil for Whitlandian strata. Whittard (1955: 34) claimed that the ridges ‘were probably 
caused by the compression of the lateral cheek-lobes over their leading edges' and stated that 
they were not present on all specimens, quoting GSM 49673 as substantiating this. We have 
examined this specimen, which is a slab containing in the region of thirty cranidia, nearly all of 
which clearly show the ridges. One specimen near the centre appears not to have them, but this 
is preserved in such a way that the anterior parts of the cheek lobes are compressed under the 
posterior parts. This would seem to be the only specimen upon which Whittard could have 
based his contention. We have found G. gibbsii in several different lithologies and kinds of 
preservation, and all specimens have the genal ridges. Moreover, no specimens of another 
trinucleid, Furcalithus sedgwicki, which occurs in association with G. gibbsii at the type locality, 
have any suggestion of such ridges, which might be expected if they were a preservational 
feature. We are thus in no doubt that the ridges are original. Bergamia? sp. of Bates (1968a: 
184; pl. 13, figs 3, 4, 9, 13) from the 'bifidus Beds of Anglesey also has crests on the genal lobes, 
but they are more rounded than in G. gibbsii, meet the glabella further back and do not cross 
the axial furrow. Because of preservation, Bates was unable to detect the position of the girder. 
It is possible that this material represents a second Gymnostomix species, although on balance 
an assignment to Bergamia seems more appropriate. 


Family DIONIDIDAE Giirich 1907 


Snajdr (1981) proposed two dionidid genera, Dionidepyga (type species Dionide jubata Raymond 
1925) and Dionideina (type species Dionide prima Klouček 1916) which are of Llanvirn- 
Llandeilo and Llanvirn age respectively. Whilst he pointed out the difference one from the 
other, he compared neither with Dionide. Many of the characters listed for each genus (e.g. 
details of lateral glabellar furrows, presence of external girder) are common to both, and to 
Dionide, and cannot therefore be regarded as diagnostic. For Dionidepyga Snajdr noted that the 
pits on the fringe were not differentiated as to size; however, one of the cranidia figured by him 
(1981: pl. 4, fig. 3) shows clearly large pits just inside the border, very similar to those seen, for 
example, in the type species of Dionide, D. formosa (Whittington 1952: pl. 1, figs 1-3) from the 
mid-Caradoc of Bohemia and in D. magnifica (Owen & Bruton 1980: pl. 6, figs 1, 3, 6, 7) from 
the late Caradoc of the Oslo district. Snajdr's (1981: 281) statement that a median glabellar 
spine is present in D. jubata cannot be substantiated: all figured specimens have only a smail 
median node. We can see no justification for retaining Dionidepyga as a separate genus, and 
here regard it as a junior subjective synonym of Dionide. Whilst many characters of Dionideina 
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are similar to Dionide, it differs in having alar lobes, a broad band of large pits inside the 
cephalic border and a reduced number of pygidial axial rings (c. 10) and pleural ribs (8-9). This 
combination of characters suggests that Dionideina should probably be regarded as being 
distinct from Dionide. In possessing alar lobes it is similar to Dionidella Prantl & Přibyl 1949a, 
but differs from it in lacking well-defined 2p glabellar furrows, in having large pits close to the 
cephalic border and a contrasting structure of the pygidial pleural ribs (see Snajdr 1981: pl. 1, 
fig. 1). 

A further dionidid, Dionide (Paradionide) Chang & Fan 1960, type species D. (P.) anmenensis 
from the Lower Llanvirn of west Kansu, China, is distinctive in having a small, circular 
glabella, nine thoracic segments of similar length (sag., exsag.) and a very narrow axis. We agree 
with Owen & Bruton (1980: 21) in considering Paradionide a separate genus. 

Four dionidids are present in the Arenig-early Llanvirn of south Wales. The two later 
species can be assigned to Dionide, but the two earlier ones are more difficult to assign, and are 
placed with question in Dionidella (see p. 221). It is possible that these species belong to an 
independent genus, but the material is insufficient for its discrimination. 


Genus DIONIDE Barrande 1847 
[= Polytomurus Hawle & Corda 1847, Trigyrops Kobayashi 1940, Dionidepyga Snajdr 1981.] 
TYPE SPECIES. Dione formosa Barrande 1846, from the Zahofany Formation (mid Caradoc) of 
Bohemia; by original designation. 
Dionide turnbulli Whittington 1952 
(Figs 82a, b) 
1958  Dionide turnbulli Whittington; Whittard: 96; pl. 13, figs 1-8 (with earlier synonymy). 
HoLoTYPE. SM A16715a, b; cephalon. 


TYPE LOCALITY AND HORIZON. Llanvirn, artus Biozone, Llanfallteg Formation; Long Plantation 
Cutting, Scolton (loc. 55). 


STRATIGRAPHICAL RANGE. Llanvirn, artus Biozone. 


DIAGNOSIS. Genal lobes smooth and connected by a smooth ‘preglabellar field’ in front of 
glabella; strong genal caecum; fringe crossed by anostomosing ridges; single row of larger pits 
immediately inside cephalic border. Pygidium with c. 18 axial rings, pleural areas with c. 12 ribs 
with deep interpleural furrows. 


OCCURRENCE. Outside the type locality recorded from Hope Shale and Stapeley Volcanic 
formations, Shelve inlier (see Whittard 1958: 98). 
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Fig. 82 Dionide turnbulli Whittington 1952. Lower Llanvirn, D. artus Biozone, Llanfallteg Formation. 
a, latex cast of incomplete axial shield, old quarry north of Clarbeston, x 4, It.18973; b, incomplete 
topotype cranidium, loc. 55, Scolton, x 9,1t.18974. 
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REMARKS. This species has been adequately described by Whittington (1952: 8), with supple- 
mentary remarks by Whittard (1958: 96). Extra topotypic specimens are figured here for 
comparison with D. levigena sp. nov., described below. 


Dionide levigena sp. nov. 
(Figs 83a-e, 84) 


HoLorvPr. Complete specimen with anterior part of thorax telescoped beneath cephalon, 
NMW 85.26G.1. 


TYPE LOCALITY AND HORIZON. Lower Llanvirn, D. artus Biozone, Llanfallteg Formation; Cefn- 
maen-llwyd, loc. 50. 


PARATYPES. Complete specimen with damaged cephalon, BGS TCC454, stream 320m NW of 
Gelli, near Llangynog (Geol. Survey loc. Carm. 45NE W24); partially complete dorsal exoskele- 
tons (1t.19006—7, NM W 84.17G.134, 136, 138), cephalon (NM W 84.17G.139), cranidia (1t.19005, 
It.19008-9, NMW 84.17G.18, 19, 135), and lower lamella (NMW 84.17G.137) from D. levigena 
Biozone, Llanfallteg Formation, Llanfallteg, locs 52E, P-T, W. 


DIAGNOSIS. Cephalon with narrow, well-defined border; genal lobes smooth, not connected by 
smooth preglabellar field in front of glabella; fringe with numerous small, equal-sized pits, no 
anastomosing ridges; pygidium transverse, with nine axial rings and eight unfurrowed pygidial 
pleural ribs. 
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Fig.83  Dionide levigenasp. nov. Llanfallteg Formation: a, c, Lower WES. D. artus Biozone; b, d, e, 
Upper Arenig, Fennian Stage, D. levigena Biozone. a, holotype, complete specimen with anterior part 
of thorax telescoped beneath cephalon, latex cast from external mould, Cefn-maen-llWyd, loc. 50, 
x 6, NMW 85.26G.l; b, incomplete cephalon, loc. 52E, Llanfallteg, x 7, It.19005; c, complete 
specimen, cephalon damaged but showing pygidium well, stream 320m NW of Gelli, near Llangy- 
nog (Geological Survey loc. Carm. 45NE W44), x 6, BGS TCC454; d, incomplete cranidium 
showing median node on glabella, loc. 52W, Llanfallteg, x 10-5, It.[9008; e, incomplete cranidium 
showing detail of pitted fringe, latex cast from external mould, loc. 52T, Llanfallteg, x 7, It.19009. 
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NAME. Latin: levis, ‘smooth’ and gena, ‘cheek’; reference to the smooth genal lobes. 


DESCRIPTION. Cephalon with narrow, well-defined border. Glabella plus occipital ring occupies 
about three-quarters cephalic length. Small median glabellar node present, no lateral furrows 
but short, deep basal furrows present. Occipital ring narrow (sag., exsag.), extending trans- 
versely as far as outer margin of basal glabellar furrow. Pleuroccipital furrow narrow but 
distinct, defining broad posterior cephalic border. Inner part of cheek smooth, weakly inflated. 
Fringe with numerous, small equal-sized pits which extend as far as frontal lobe of glabella. 
Anastomosing ridges absent. Genal angle prolonged into broad-based spine of unknown 
length. 

Thorax presumed to be of six segments, as in other Dionide species, but in the holotype 
(Fig. 83a) it is telescoped beneath the cephalon, and only parts of five segments can be seen. 
The other complete specimen (Fig. 83c) has only four, so this is probably a large meraspid. Axis 
narrow (tr.), the axial furrows forming a zetoidal pattern, so that each ring is distinctly wider 
(tr.) anteriorly than posteriorly. Pleurae very broad, bluntly truncated distally and with shallow, 
narrow pleural furrows that extend for most of their length, adaxially lying close to the anterior 
margin of the pleura, abaxially about half-way along (exsag.). 

Pygidium subparabolic, slender axis with nine narrow well-defined rings. Pleural areas with 
eight pairs of ribs with rather narrow, shallow pleural furrows that curve gently backwards 
adaxially ; distally, all except the first turn more strongly posteriorly. No interpleural furrows. 


REMARKS. This species is distinct from most other Dionide species in having smooth genal lobes 
and a rather short, transverse pygidium with comparatively small numbers of axial rings and 
pleural ribs without interpleural furrows. These characters invite comparison with the dionidid 
Trinucleoides, although the latter has a rather different glabella with a deep, pit-like 2P furrow 
and a prominent spine on the frontal lobe. The sum of characters of D. levigena is closer to 
Dionide than to Trinucleoides, so we prefer to classify it with the former, at least until further 
material becomes available. 


Fig. 84 Reconstruction of Dionide levigena sp. 
nov., x 6 approx. 


Genus DIONIDELLA Prantl & Přibyl 1949a 
TYPE SPECIES. Dionidella incisa Prantl & Přibyl 1949a; Llanvirn, Sarka Formation, Sarka, 
Prague; by original designation. 


DIAGNOSIS. Cephalic anterior and lateral border furrows ill-defined, with cheeks and anterior 
and lateral cephalic borders pitted, except for small, smooth alar lobes; glabella with deep 1P 
furrows and small, pit-like 2P; thorax relatively longer and narrower than Dionide; pygidium 
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with 11 axial rings and 10 pairs of pleural ribs, with posterior pleural bands terminating well 
short of the margin and the anterior pleural bands abaxially tapering to a point, extending 
close to margin. 


REMARKS. Whittard (1958: 95) contended that acceptance of Dionidella as a distinct genus 
depended upon the ‘unique arrangement of the glabellar furrows and on the preglabellar field’. 
The preglabellar field does not seem to us to be a significant feature, but the glabellar morph- 
ology and the disposal of the pygidial pleural ribs, together with the combination of characters 
listed above, can be regarded as diagnostic. Rare dionidids from the Pontyfenni Formation 
have cephala whose morphology approaches that of D. incisa more closely than any Dionide 
species, although they lack the deep, pit-like 2P. Because of this latter circumstance, we assign 
these specimens to Dionidella with question. 


Dionidella? sp. indet. 1 
(Figs 85a, b) 


1914  Dionide sp.; Thomas, in Strahan et al.: 19. 
MATERIAL. Cranidium, BGS Pr1735-6 (counterparts). 


HORIZON AND LOCALITY. Fennian, S. abyfrons Biozone, Pontyfenni Formation; Pen-y-parc, 
loc. 38. 


DESCRIPTION. Cephalon sub-semicircular, without well-defined border, which is represented by 
only a slight change in slope. Glabella 0:6 of length (sag.) of cephalon, with small basal lobes, 
but these are not well seen on the specimen. Occipital ring much narrower (tr.) than glabella. 
Small, smooth triangular alar lobes extend forwards almost as far as basal glabellar lobes, their 
forward edges defined by low ridges. Anastomosing ridges with interspersed puncta radiate 
from glabella and extend up to cephalic margin. Posterior cephalic border broad and flat, 
narrowing slightly laterally where the narrow posterior border furrow is deflected weakly 
backwards. It dies out before reaching the lateral margin, at position of lateral border furrow. 
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Fig. 85 a, b, Dionidella? sp. indet. 1. Upper Arenig, Fennian Stage, S. abyfrons Biozone, Pontyfenni 
Formation, loc. 38, Peny-y-parc. a, cranidium, x 11, BGS Pr1735; b, incomplete cranidium showing 
fine pits and anastomosing ridges, x 8,1t.18977. c, d, Dionidella? sp. indet. 2. Upper Arenig, Fennian 
Stage, B. rushtoni Biozone. c, cranidium, loc. 23, Pontyfenni, x 6, 1t.18978; d, pygidium, latex cast 
from external mould, loc. 24, Llwyn-crwn, x 6, [t.18979. 
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REMARKS. Apart from lacking 2P furrows, this cranidium differs from those of D. incisa in being 
proportionally shorter and wider, and in having prominent anastomosing ridges. So far as we 
are aware, this is the earliest recorded dionidid. 


Dionidella? sp. indet. 2 
(Figs 85c, d) 


MATERIAL. Cranidia: 1t.18978 from Pontyfenni, loc. 23 and NMW 84.17G.165a, b from Blaen- 
lliwe, loc. 42. Pygidium: It.18979 from Llwyn-crwn, loc. 24. All from Fennian, B. rushtoni 
Biozone, Pontyfenni Formation. 


DESCRIPTION. Cranidium with semicircular outline, anterior and lateral borders defined only by 
a change in slope. Glabella 0-6 of length of cephalon (sag.), with basal lobes defined by shallow 
furrows. No alar lobes, and entire cheeks and preglabellar area covered by anastomosing ridges 
with interspersed puncta; these are weaker than in D.? sp. indet. 1. Pleuroccipital furrows 
markedly arched forwards, defining broad, smooth posterior cephalic border. 

Pygidium of subparabolic outline with narrow axis extending for most of pygidial length and 
comprising 14 rings. Pleural areas with 14 pairs of ribs which do not extend to margin. 
Interpleural furrows only apparent in their short, distal abaxial parts. Marginal area of 
pygidium smooth. 


REMARKS. We assume that the above material belongs to one species, since all occurrences are 
at approximately the same horizon. The principal difference from D.? sp. indet. 1 is in the 
cephalic outline (which may be in part the result of tectonic influences), the lack of alar lobes 
and weaker anastomosing ridges. The pygidium differs from that of D. incisa in having more 
axial rings and pleural ribs, and in not having the anterior pleural bands extending on to the 
pygidial border region. 


Family RAPHIOPHORIDAE Angelin 1854 
Genus AMP YX Daiman 1827 
TYPE SPECIES. Ampyx nasutus Dalman 1827; see Whittington, 1950. 
Ampyx linleyoides sp. nov. 
(Figs 86a-e, 87d, 88a) 
1906  Ampyx cf. salteri; Evans: 612. 
HOoLOTYPE. Exoskeleton lacking free cheeks, 1t.15946. 


TYPE LOCALITY AND HORIZON. Pontyfenni Formation, loc. 23; Upper Arenig, Fennian, B. rush- 
toni Biozone. 


STRATIGRAPHICAL RANGE. Upper Arenig, Fennian, B. rushtoni Biozone, also at loc. 53. 


FIGURED PARATYPES. Axial shields: 11.196904, NMW  84.17G.81-2; cranidium: 1t.19693; 
pygidium: NMW 84.17G.83. 


OTHER PARATYPE MATERIAL. Axial shields: 1t.18579, NMW 33.189.G102; thorax and pygidium: 
1t.19696; thorax: 1t.18553; pygidia: 1.18559, NMW 84.17G.84. 


DIAGNOSIS. Ampyx with stout, long frontal spine with T-shaped cross section. Pygidium with 
axial rings poorly defined; border not clearly marked from pleural fields; raised lines on 
posterior border curving up onto periphery of pleural fields. Punctate surface sculpture. 


NAME. Distinct from linleyensis. 


DISCUSSION. This species is extremely like A. linleyensis Whittard 1955, which he exhaustively 
described. Whittard described ‘long’ and ‘wide’ morphs of linleyensis; no taxonomic importance 
is attached to this, and the ‘long’ forms (such as in Fig. 86a) may include those which have 
undergone a small amount of tectonic extension. The holotype of linleyoides is undistorted. 
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Fig. 86 a-e, Ampyx linleyoides sp. nov. Upper Arenig, Fennian, B. rushtoni Biozone, Pontyfenni 
Formation, loc. 23. a, axial shield slightly extended by distortion, x 2, NMW 84.17G.81 ; b, holotype, 
incomplete axial shield, x 3, It.15946; c, small axial shield, x 6, NMW 84.17G.82; d, cranidium 
preserving frontal spine showing carinate form, x 2:5, 1t.19693; e, axial shield, x 4, 1t.19694. f, 
Ampyx aff. linleyoides, same horizon and locality, cast from incomplete axial shield, x 4, It.19697. 


This specimen, and others as well preserved, show fine-scale dorsal punctation, faint on the 
pygidium, which is not recorded on linleyensis, but Rushton & Hughes (1981) record this kind 
of sculpture on A. cf. linleyensis from the Great Paxton Borehole. The frontal spine is long on 
A. linleyoides and in flattened condition has a characteristic carinate appearance. Examination 
of A. linleyensis shows that the spine on this species had the shape in cross-section of an 
inverted T, and that the consequent dorsal carina can, on some specimens (Whittard 1955: pl. 
2, fig. 1), continue onto the front of the glabella. The specimen shown in Fig. 86d shows that the 
same spine shape was likely in A. linleyoides. One small specimen in relief (Fig. 86f) shows a 
frontal spine which is square in cross section; this specimen apparently also has wider fixed 
cheeks than linleyoides, and we are cautious about referring it to the same species; it is recorded 
as A. aff. linleyoides. 
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The specific characters which permit recognition of linleyoides are on the pygidium. The 
pygidial border on linleyensis is extremely short and vertical, and clearly defined by an abrupt 
change in slope at the edge of the pleural fields. In A. linleyoides the border is not so defined, is 
wider, and carries some 8-10 raised lines which extend onto the lateral parts of the pleural 
fields. Flattening serves to exaggerate the differences; on A. linleyensis the border crushes down 
and the margin of the pleural fields may become a little elevated as a rim, while on A. 
linleyoides the border opens backwards to display the raised lines on the border clearly. We 
have examined more than thirty specimens of linleyensis, and of these only three show the 
raised lines extending onto the pygidial pleural fields. Other specific differences may be affected 
by preservation. The pygidial axis of linleyensis is more convex (tr.) posteriorly, standing well 
above the pleural fields; the tip of the pygidial axis on linleyoides is low and often effaced to 
such a degree that it is difficult to distinguish from the border. The expression of this difference 
obviously depends on the degree of flattening. The axis on linleyensis is narrower: its width at 
the anterior ring is half its length or even less, on undistorted material; on linleyoides we have 
width/length ratios between 0-6 and 0-7 in undistorted material, but measurement of axial 
length is difficult because of the posterior effacement. Most well-preserved pygidia of linleyensis 
have a distinctly concave-sided axis (Whittard 1955: pl. 2, figs 1-3); linleyoides has a straight- 
sided pygidial axis, even when it is distorted (Fig. 87d). On almost all specimens of linleyensis 
from the Stapeley Volcanics in Shropshire the axial rings on the pygidium are clearly-defined 
across the mid-part of the axis (the furrows are often kinked backwards medially). Six rings are 
clearly visible and up to fifteen have been observed. Definition of axial rings on linleyoides is 
poor; only two or three are clearly defined, the remainder up to a maximum of ten being very 
indistinct. This may have some connection with preservation in the dark mudstones of the 
Pontyfenni Formation, because linleyensis preserved in a similar lithology also appear to have 
less clearly defined axial rings (Fig. 87b), and we attach less importance to this than a compari- 
son of the types alone would suggest. A crushed linleyoides pygidium on which the ring furrows 
are deepened is shown on Fig. 87d. Probably more useful is the greater backward curvature of 
the anterior pygidial pleural furrows on linleyensis. The transverse line connecting the most 
posterior parts of these furrows cuts the third or fourth axial ring on linleyensis, but on 
linleyoides it cuts the second ring or the furrow behind it. The pygidial differences have been 
discussed at length because they are rather subtle. The specimen of linleyensis most like 
linleyoides which we have been able to find is figured in Fig. 87c; although the axial ring 
development is like the Arenig form it can still be distinguished on the structure of the border 
and the pleural furrows. The two species are, however, very closely related. 

A. linleyoides belongs to Ampyx, sensu stricto, as defined by Fortey (1975). Whittard (1955) 
distinguished linleyensis from other British species, and the same distinctions apply to 
linleyoides. As noted above, the species referred by Whittard (1955) to Ampyx salteri Hicks, 
from the Mytton Flags, is certainly not that species, which we here assign to Cnemidopyge. 
Whittard's salteri (Fig. 87a) is another Ampyx, but not the same as either linleyensis or linley- 
oides. Its pygidium is relatively small, less transverse, and without backward-concave pleural 
furrows; the frontal spine on the cranidium is short, and with a circular cross section. Several 
other Ampyx species require discrimination from linleyoides. The type species, A. nasutus 
(Whittington 1950: pl. 74, figs 3-9) is generally very similar in proportions; but it has a tubular 
frontal spine, more obviously concave facial sutures, and an emarginate pygidial border. 
Because of their bowed pygidial pleural furrows A. nasutus, linleyensis and linleyoides should be 
included within any restricted concept of Ampyx. Of the numerous raphiophorids from the 
Arenig of Spitsbergen only one, A. spongiosus Fortey 1975, resembles A. linleyoides in overall 
proportions and surface sculpture. A. spongiosus has a rather slender frontal spine with a 
circular cross section, and the anterior pleural furrows on the pygidium (Fortey 1975: pl. 22, fig. 
9) are not curved as they are on linleyoides, linleyensis and nasutus. Fortey (1975) noted the 
resemblance between A. spongiosus and A. volborthi Schmidt (sensu Skjeseth, 1952), which has a 
pygidial pleural structure like that of spongiosus, but with a rather sharply downturned border 
like linleyensis. Ampyx abnormis Yi, 1957 (see Lu 1975: pl. 39, figs 5-11; pl. 40, figs 1-7) 
apparently ranges from the late Arenig to Llandeilo in China. Lu notes that the pygidial 
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Fig.87 a, Ampyx cf. reyesi Benedetto & Malanca 1975 (Whittard’s A. ‘salteri’). Cast from external 
mould of axial shield for comparison with A. linleyoides sp. nov., ‘Lowermost Mytton Flags, head of 
Mytton Batch', Shropshire, x 3, GSM 92940 (counterpart of Whittard, 1955: pl. 1, fig. 19). b, c, 
Ampyx linleyensis Whittard. b, axial shield preserved in mudstone for comparison with A. linleyoides 
in similar preservation, early Llanvirn, 300 m east by south of Wernddu, 3 mile west of Llanllwch, 
Dyfed, x 4, GSM HT354; c, latest Arenig, Fennian, D. levigena Biozone, Llanfallteg Formation, loc. 
52Q, x 3,1t.19698. d, Ampyx linleyoides sp. nov. Flattened pygidium with overdeepened furrows, for 
comparison with A. linleyensis, Fennian (B. rushtoni Biozone), Pontyfenni Formation, loc. 23, x 4, 
NMW 84.17G.83. 


structure is like that of A. spongiosus rather than A. nasutus (and A. linleyoides). Of the 
specimens from the Arenig horizon illustrated by Lu that on his pl. 39, figs 10, 11 has a slender, 
unfluted frontal spine, and other cranidia show a preglabellar field, and apparently do not have 
incised glabellar furrows. Another Arenig form from China, A. yii Lu, would now be referred to 
Rhombampyx Fortey, 1975. 

Several South American species have also been described. One of these, A. reyesi Benedetto 
& Malanca 1975, from the ‘upper Arenig or Lower Llanvirn' of Jujuy Province, Argentina, is 
similar to A. linleyoides in most respects, but like other species mentioned above the pygidial 
pleural furrows are nearly straight, and the frontal spine is described as having a circular cross 
section. Přibyl & Vaněk (1980) described A. pallens from the Llanvirn of Bolivia, but without 
reference to reyesi, which it so strongly resembles that it may well prove its junior synonym. In 
any case A. reyesi/pallens provides by far the closest comparison with Whittard's Ampyx 
(salteri) from the Mytton Flags. Compare, for example, the pygidium of Fig. 87a with Přibyl & 
Vanék, 1980: pl. 19, fig. 1. For this reason we have designated the Shropshire species Ampyx cf. 
reyesi (Fig. 90). Similarity of raphiophorids between Britain and South America is given further 
support by the resemblance between the Ampyx? sp. figured by Harrington & Leanza (1957: 
fig. 116.4) from Argentina and A. linleyensis. 


Ampyx linleyensis Whittard 1955 
(Figs 87b, c, 88c) 


(For synonymy see Whittard 1955: 18). 
HoLorYvPr. Axial shield, GSM 92943. 


TYPE LOCALITY AND HORIZON. Stapeley Volcanic Group, Tasgar Quarry, Shelve district, Shrop- 
shire; Llanvirn, D. ‘bifidus’ Zone. 
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OCCURRENCE IN SOUTH WALES. Llanfallteg Formation, type section at Llanfallteg Railway 
cutting from 20m below Arenig—Llanvirn boundary to highest beds in Llanvirn exposed; and 
at Rhyd-y-wrách farm and Scolton railway cutting. The species extends into the overlying black 
Llanvirn shales. Latest Arenig (Dionide levigena Biozone) to early Llanvirn. 


FIGURED MATERIAL. It.19698, GSM HT354. 
ADDITIONAL MATERIAL. NMW 33.189.G134, 33.189.G18, It.19699. 


Discussion. This species has been fully discussed under A. linleyoides sp. nov. above (pp. 
224-5), which it resembles closely. Specimens from the Llanfallteg Formation have the charac- 
ters of linleyensis whether they are above or below the Arenig/Llanvirn boundary. Rushton & 
Hughes (1981) have described A. cf. linleyensis from the Great Paxton borehole. These speci- 
mens are more like linleyensis than like linleyoides, and they could well be accommodated 
within the range of variation of the former. We have mentioned above the possible occurrence 
of linleyensis in Argentina. 


Fig. 88 Comparative reconstructions of axial shields of British Arenig raphiophorid species. a, 
Ampyx linleyoides sp. nov., Fennian, B. rushtoni Biozone; b, Cnemidopyge salteri Hicks, Whitlandian, 
G. gibbsii Biozone; c, pygidium of A. linleyensis Whittard, latest Fennian and early Llanvirn. All x 3 
approx. See also Fig. 90. 


Genus CNEMIDOPYGE Whittard 1955 


TYPE SPECIES. Trinucleus nudus Murchison 1839, by original designation. 


DIAGNOSIS. The diagnosis of Hughes (1969) is followed here, except that we admit species with 
the pygidium smaller than the cephalon. 
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Cnemidopyge salteri (Salter 1873) 
(Figs 88b, 89a—c) 


1873 Ampyx Salteri Hicks MS; Salter: 22. 

1875  Ampyx salteri Hicks: 182; pl. X, figs 7, 8. 
non 1884  Ampyx salteri; La Touche: 56; pl. 2, fig. 34. 
non 1940 Ampyx salteri Hicks; Whittard: 161; pl. 5, fig. 8. 
pars 1955 Ampyx salteri Hicks; Whittard: 15-18; pl. 1, fig. 15, non figs 16-21. 
non 1966  Ampyx aff. salteri Hicks; Whittington: pl. 2, figs 1—3, 6. 

1969 Ampyx salteri Hicks; Hughes: 63 (compared with Cnemidopyge). 
pars 1978 Ampyx salteri Hicks; Fortey & Owens: 255; non fig. 8a. 


LECTOTYPE (herein selected). Exoskeleton lacking free cheeks, original of Hicks, 1875: pl. 10, fig. 
8; BM(NH) 1352. 


TYPE LOCALITY AND HORIZON. ‘Middle’ Arenig of Hicks (1875), Penmaen Dewi Formation, the 
old quarry in Pwlluog. It is associated here with Bohemopyge scutatrix, Shumardia (Shumardia) 
gadwensis, Gymnostomix gibbsii etc. Whitlandian (biozone of G ymnostomix gibbsii). 


OTHER LOCALITIES. South of Dwyrhos Farm, Aberdaron, Ll$n Peninsula; Whitlandian mud- 
stones. 


FIGURED MATERIAL. Dorsal exoskeletons lacking free cheeks: 114278, In.48526. 
ADDITIONAL MATERIAL. 1730, 114279, SM A15592. 


DIAGNOSIS. Cnemidopyge with relatively small and transverse pygidium having only three pairs 
of strong pleural furrows. 


DESCRIPTION. Available material of this species is all imperfect—flattened from the type locality, 
or somewhat distorted from north Wales. Partly because of this it has been much confused with 
other raphiophorids, such as Ampyx cetsarum. Axial shields show that the thorax is about as 
long (sag.) as the glabella, and both are longer than the pygidium. The length of the latter is 
exaggerated in flattened material because the borders are opened out in this preservation; less 
distorted material (Fig. 89b) indicates that the pygidial borders were declined nearly vertically. 

Cranidium with maximum width at posterior margin, this more than twice sag. length 
(excluding spine). Glabella is crushed on our material; it expands forwards rather more rapidly 
than is the case in many Ampyx species, for example to a maximum at about 1ts mid-length, 
this being 0-8 of its sag. length. Although muscle insertions areas are obscured by crushing the 
larger specimens show clear evidence of two pairs of impressions within the glabella, which 
isolate a lateral glabella lobe, and which are consistent with the crushing of a cranidium of the 
kind illustrated by Hughes (1969: pl. 2, fig. 11). Frontal spine with circular cross section, 
slender, length not exceeding that of glabella. Occipital ring and border both well defined, 
border furrow a little convex-forwards. So far as can be judged the facial suture was also 
convex-forwards over much of its length, except where kinked backwards near genal angle. 
Free cheeks not known. 

Thorax with six segments, maximum transverse width at back end of second, first segment 
slightly macropleural (exsag.). Thorax tapers backwards, as it does in small, but not in large, 
holaspides of C. nuda; axis hardly tapers. The notable thoracic feature is the strong, forward 
arching on the pleural furrows of the early segments, particularly the first; it 1s progressively 
less marked on the second to fourth segments. Hughes (1969) figures triangular extensions of 
the axial rings towards the crests of the arched furrows, and some indication of the same 
feature in a crushed condition is shown by Fig. 89b. 

Pygidium transverse; as preserved flattened, its width is more than twice length, but with the 
borders turned downwards in original orientation it may have been three times as wide as long. 
Axis tapers gently to border (furrows enclose angle of about 30^); the back end of the axis is 
apparently not defined. Only three or four narrow (sag.) axial rings are defined. There are three 
pairs of deep pleural furrows, which slope gently backwards. Border wide, not medially emar- 
ginate. Apart from raised lines on pygidial border, surface sculpture is not preserved. 
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Fig. 89 a-c, Cnemidopyge salteri (Salter 1873). Middle Arenig, Whitlandian, G. gibbsii Biozone. a, 
lectotype, flattened axial shield, Penmaen Dewi Formation, old state quarry, Pwlluog, north of 
Whitesand Bay, St David's, Dyfed, x 2, 1352 (original of Hicks, 1875: pl. 10, fig. 8); b, cast from 
slightly distorted axial shield but preserving natural convexity, Whitlandian mudstones on track 
below Dwyrhos Farm, Aberdaron, Llyn Peninsula, north Wales, x 3, 114278; c, cast from axial 
shield, somewhat flattened but otherwise undistorted, horizon and locality as lectotype, x 3, 
In.48526. d, Ampyx cetsarum Fortey & Owens 1978, latex cast from entire specimen, Moridunian, 
lower part of M. selwynii Biozone, Ogof Hén Formation, Bolahaul Member, Llangynog, x 2, 
It.19700; this form has been confused with Cnemidopyge salteri in the past, but note distinctive 
pygidial structure. 


DiscussioN. Hughes (1969) suggested that Ampyx salteri Hicks might be an early representative 
of the genus Cnemidopyge. Hughes cited the well-furrowed pygidium as evidence for this 
assignment; the strong forward arching on the anterior thoracic pleural furrows and the struc- 
ture of the glabella are also consistent with the type species, C. nuda. Hughes revised the British 
species of Cnemidopyge, which are from the Llanvirn or later; all of them have larger pygidia 
with at least twice as many pleural furrows as in C. salteri. It was to be anticipated that the 
earlier species of the genus would have a smaller pygidium like those of other raphiophorids 
and we see no reason to exclude salteri from Cnemidopyge on the basis of this character alone. 
Raphiophorids from the early Arenig (Moridunian) in Wales which have been compared 
with C. salteri are all referable to Ampyx cetsarum Fortey & Owens 1978. There is now no 
possibility of confusing the two: A. cetsarum has a gently-forward expanding glabella, a charac- 
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Fig. 90 Reconstruction of axial shield of Ampyx 
, cf. reyesi Benedetto & Malanca 1975. Moridu- 
Td nian, Shelve Inlier, Shropshire. x 3 approx. 


teristic occipital structure, and almost all furrows are suppressed on the pygidium. Our original 
material of this species was imperfect. Here (Fig. 89a) we illustrate a well-preserved, complete 
specimen, which was collected after our original work. 

Whittard (1955) identified C. salteri from the Shelve Inlier, from specimens in the Mytton 
Flags. Fig. 87a shows a cast from the external mould of the best preserved of Whittard's 
specimens. On the basis of this identification, Fortey (1975) assigned salteri to Ampyx, sensu 
stricto. The Mytton form is, however, clearly different from salteri: it lacks the characteristic 
thoracic structure, the pygidium is relatively long (sag.) and the pygidial pleural furrows are not 
distinct. It is here referred to Ampyx cf. reyesi Benedetto & Malanca (Fig. 90). Fortey & Owens 
(1978: fig. 8a) used Whittard's concept as the basis for their reconstruction of salteri, which is 
now seen to be incorrect; a new version is presented here as Fig. 88b. 


Family ALSATASPIDIDAE Turner 1940 
Genus SELENECEME Clark 1924 
TYPE SPECIES. Seleneceme propinqua Clark 1924, by monotypy. 
DIAGNOSIS. See Whittard (1960: 117-118); comments in Fortey & Shergold (1984: 352). 


Seleneceme acuticaudata (Hicks 1875) 
(Fig. 91) 


(For synonymy see Whittard 1960: 118). 
HovotyPe. SM A15628, Llanvirn quarry. 


OCCURRENCE IN SOUTH WALES. $. acuticaudata appears in the Llanfallteg Formation, 18m 
below the Arenig/Llanvirn boundary, in the type section (loc. 52k), and persists into the early 
Llanvirn, ranging from the Dionide levigena to D. artus Biozones. It occurs in the Scolton 
railway cutting (loc. 55), Llanfallteg Formation, and widely in the D. artus Biozone. 


FIGURED SPECIMEN. 1t.19701. 
ADDITIONAL MATERIAL. NM W 33.89.G160, 84.17G.85-9. 
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Fig. 91  Seleneceme acuticaudata (Hicks 1875). 
Uppermost Arenig, Fennian Stage, D. levigena 
Biozone, loc. 52a, Llanfallteg, cranidium and 
partial thorax, x 3, It.19701. 

Fig. 92 Placoparina sp. Latex cast from external 
mould, basal Llanvirn, loc. 52, Llanfallteg, x 7, 
NMW 85.67G.1b. 


DISCUSSION. This species has been fully described by Whittard (1960), and the present material 
adds nothing to his description; it is figured as a matter of record. The first occurrence of the 
species is below the Arenig/Llanvirn boundary and hence earlier than in Shropshire. The 
glabellar tubercle is very subdued on our material, but we regard this as a matter of preser- 
vation only. 


Family CHEIRURIDAE Hawle & Corda 1847 
Subfamily ECCOPTOCHILINAE Lane 1971 
Genus PLACOPARINA Whittard 1940 


TYPE SPECIES. Cryphaeus Sedwickii M'Coy 1849, from presumed Llandeilo; Builth Wells district, 
Powys. By original designation. 


Placoparina sp. 
(Fig. 92) 


MATERIAL. A small, complete internal mould with counterpart external mould, NM W 
85.67G.1a, b, from the basal Llanvirn, Llanfallteg Formation; loc. 52, Llanfallteg. A larger, 
badly preserved 'ghosted' complete specimen, NMW 84.17G.173, from same horizon, loc. 52V. 


REMARKS. The smaller, better preserved specimen is disarticulated behind the cephalon, the 
second and the seventh thoracic segments; the eighth thoracic segment is attached to the 
pygidium, and we interpret the specimen as a degree 7 meraspis. Although not well preserved, 
its general morphology is consistent with that of Placoparina (compare Whittard 1958: pl. 15, 
figs 6, 9). The larger specimen is less informative, but appears to possess the characteristic 
pleural spines on the pygidium. The specimens are not well enough preserved to tell whether 
they belong to P. sedgwicki (M'Coy). 


Family PLIOMERIDAE Raymond 1913 
Subfamily PLACOPARIINAE Hupe 1953 
Genus PLACOPARIA Hawle & Corda 1847 


TYPE SPECIES. Trilobites zippei Boeck 1828, from the Llandeilo, Dobrotiva Formation; Prague 
district, Czechoslovakia. By original designation. 


REMARKS. Three subgenera of Placoparia have been described: Placoparia, Coplacoparia 
Hammann 1971a and Hawleia Prantl & Snajdr 1957. Of these Placoparia has been recognized 
in the Arenig of Britain, the Llanvirn of Britain, Brittany, Spain, Portugal and Bohemia and the 
Llandeilo of Bohemia; Coplacoparia from the Llandeilo of Spain and Brittany, and Hawleia 
from the Caradoc and Ashgill of Bohemia and Poland respectively. Hammann (1971a), Henry 
& Clarkson (1975) and Romano (1976) have studied in detail the evolution and distribution of 
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Placoparia species, recognizing in particular the progressive development of coaptative struc- 
tures. The only species with known Arenig representatives is P. (P.) cambriensis, a few speci- 
mens of which Whittard (1958: 108, as P. zippei; 1966: 284, as P. barrandei) recorded from the 
Tankerville Flags and Shelve Church Beds in the Shelve inlier. We have identified further 
specimens from the Pontyfenni Formation in south Wales. 


Subgenus PLACOPARIA Hawle & Corda 1847 


Placoparia (Placoparia) cambriensis Hicks 1875 
(Figs 93a-m) 
1875  Placoparia cambriensis Hicks: 186; pl. 9, figs 1, 2. 
1906 Placoparia cambrensis (sic) Hicks; Evans: 614, 617 (lists). 
1909  Cheirurus sp.; Thomas, in Strahan et al.: 13. 
1909 Sao sp.; Cantrill, in Strahan et al.: 33. 
1958  Placoparia zippei (Boeck); Whittard: 104 pars; pl. 16, figs 6-10, text-fig. 6a, d-h [non fig. 6b, c, = P. 
zippei]. (With full synonymy). 
1958  Placoparia sp.; Whittard: 108; pl. 16, fig. 11. 
1966  Placoparia barrandei Prantl & Snajdr; Whittard: 283. 
1967  Placoparia cambriensis Hicks; Dean in Whittard: 309. 
1971a Placoparia (Placoparia) cambriensis Hicks; Hammann: 57; pl. 1, figs 3-9; pl. 3, fig. 27; text-fig. 2. 
1971b Placoparia cambriensis Hicks; Hammann: 266, 270. 
1974  Placoparia (Placoparia) cambriensis Hicks; Hammann: 114; pl. 10, figs 172-174. 
1975  Placoparia (Placoparia) cambriensis Hicks; Henry & Clarkson: 88; pl. 1, figs 1—4; pl. 3, figs 1-3; 
text-fig. 3A. 
1976  Placoparia (Placoparia) cambriensis cambriensis Hicks; Romano: 15; pl. 1a, b. 
1976  Placoparia (Placoparia) cambriensis armoricensis Romano: 15. 
1980  Placoparia (Placoparia) cambriensis Hicks; Henry: 51; pl. 5, figs 1—3; pl. 6, fig. 4; text-fig. 16A. 
1984  Placoparia (Placoparia) cambriensis Hicks; Rábano: 10; pl. 1, figs 1-15 (with further synonymy for 
lberian material). 


LECTOTYPE (selected Hammann 1971a: 58). BGS GSM35263, complete specimen from Llanvirn, 
D. artus Biozone; Llanvirn quarry, Abereiddi, Dyfed. Figured Hicks 1875: pl. 9, fig. 2; Whittard 
1940: pl. 5, fig. 3; refigured here as Fig. 93m. 


MATERIAL. From Fennian, Pontyfenni Formation, B. rushtoni Biozone: NMW 84.11G.5a, 
cephalon with two attached thoracic segments; It.18980, ill-preserved complete specimen; 
It.19010, NMW 84.12G.10a, b, ill-preserved enrolled specimens; NMW 84.11G.4a, pygidium; 
all from loc. 23, Pontyfenni. BGS Pr616, ill-preserved complete specimen from loc. 24, Llwyn- 
crwn; BGS JP3533/34, incomplete cranidium from loc. 20A (Carm. 40NW W25), Capel-Dewi. 
From S. abyfrons Biozone: BGS Pr1751, small incomplete cephalon and pygidium; BGS 
Pr1794, cranidium; NMW 84.17G.181, cephalon and part of thorax; all from loc. 38, Pen-y- 
parc. From Aber Mawr Formation, Pencil Slates: NMW 84.17G.182 enrolled specimen from 
loc. 62, Aber Mawr, Ramsey Island. From Tankerville Flags: BGS GSM92936, cranidium from 
Bergam quarry, Shelve inlier. From Shelve Church Beds: BGS GSM102436-7, cranidia from 
Wood House Gravels, Shelve inlier and BGS GSM92937, cranidium from Shelve. Numerous 
specimens, sometimes occurring in ‘graveyards’, from Fennian, D. levigena Biozone, Llanfallteg 
Formation: locs 52C, 52M, 52P-S, 52U, 52W, Llanfallteg. Also common in basal Llanvirn, D. 
artus Biozone, Llanfallteg Formation: loc. 50, Cefn-maen-llWyd; loc. 52, Llanfallteg; loc. 55, 
Scolton. 

Elsewhere in south Wales, the species has been recorded from the Llanvirn, D. artus Biozone: 
old quarry north of Clarbeston (SN 0465 2210), 1t.18981; stream section SW of Cefn-maen- 
llwyd (Pem. 24SE E412), BGS Pr2013; Bodau farmyard, Rhyd-y-wrách (Pem. 24SE E413), BGS 
Pr2018/19; St Clears area, NMW 33.189.G38, 33.189.G82, 33.189.G88; south of Castell-gorfod 
(Carm. 38NW W28); stream section between T$-rhos and Gors, SW of Llangynog (Carm. 
45NE W142), BGS JP3483/84. 

In other parts of Britain, the species occurs commonly at the same horizon in the Hope 
Shales Formation (see Whittard 1958: 108) and occasionally in the Skiddaw Slates Group, 
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Fig. 93 Placoparia (Placoparia) cambriensis Hicks 1875. Upper Arenig, Fennian Stage, Pontyfenni 
Formation, S. abyfrons Biozone, loc. 38, Pen-y-parc (c, f); B. rushtoni Biozone, loc. 23, Pontyfenni (a, 
b, d); Fennian Stage, Tankerville Flags, Bergam Quarry, Shelve inlier (g) and Shelve Church Beds, 
cart track north of Wood House, Gravels, Shelve inlier (e, h); Fennian Stage, D. levigena Biozone, 
Llanfallteg Formation, loc. 52P, Llanfallteg (j); lower Llanvirn, D. artus Biozone, Llanfallteg 
Formation (i, k-m). a, axial shield, x 3, 1.18980; b, small pygidium, x 10, NMW 84.11G.4a; c, 
cranidium with associated free cheek, x 4, BGS Pr1794; d, cephalon with two attached thoracic 
segments, x 3:5, NMW 84.11G.5; e, cranidium, latex cast from external mould, x 5, BGS 
GSM102437; f, small incomplete axial shield, x 6-5, BGS Pr1751; g, cranidium, latex cast from 
external mould, x 5, BGS GSM92936 (counterpart of original of Whittard, 1958: pl. 14, fig. 10); h, 
cranidium, x 6, BGS GSM102436; i, cranidium with associated free cheek, old quarry north of 
Clarbeston, x 3-5, 1t.18981; j, ventral side of anterior end of axial shield with hypostoma, x 5-5, 
1t.18982; k, pygidium with two attached thoracic segments, latex cast from external mould, loc. 50, 
Cefn-maen-llWyd, x 8, It.18983; 1, enrolled specimen, latex cast from external mould showing 
cephalon and pygidium (the pygidial pleural spines have been elongated by distortion), stream 275 m 
south of Rhyd-y-wrách (Geological Survey loc. Pem. 24SE E412), x 5, BGS Pr2013; m, lectotype, 
complete axial shield, Llanvirn quarry, x 2, BGS GSM35263 (original of Hicks 1875: pl. 9, fig. 2). 
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where it has been reported from Outerside (SM A15622-3) and Whiteside (BGS GSM35239: 
syntype of Ormathops nicholsoni, see p. 244) in the Lake District, and at Ellergill (SM A15624) 
in the Cross Fell inlier. 

The numerous foreign occurrences are listed by Hammann (1971b), Henry & Clarkson 
(1975), Romano (1976) and Henry (1980). 


DIAGNOSIS. Glabella widens only slightly towards anterior; axial furrows straight; preglabellar 
furrow distinct, anteriorly convex; cheek with coarse pitted sculpture, with larger pits towards 
outer edge; pygidium with three or four axial rings and a terminal piece; pygidial spines short. 


REMARKS. This species has been described by Hammann (1971a: 58), and the diagnosis above is 
based upon his (our translation from the original German). Because Whittard (1966: 284) 
considered the Shelve Church Beds to be of extensus Biozone age, the range of P. cambriensis 
has been assumed to extend down into the lower. part of the Arenig. It is shown above (p. 98) 
that these are of likely Fennian age, and the known range of the species therefore extends no 
further back than the early Fennian. Whittard (1958: 108; pl. 16, fig. 11) figured a pygidium 
from the Shelve Church Beds as Placoparia sp., but noted that it showed no apparent differ- 
ences from P. cambriensis; we here include it in that species. 

Placoparia occurs infrequently in the lower two biozones of the Fennian in south Wales. The 
material is fragmentary and mostly not well preserved, but as far as can be seen corresponds in 
all essentials to P. cambriensis from the D. levigena Biozone and the Lower Llanvirn. 

Romano (1976) recognized two subspecies of P. (P.) cambriensis, one (cambriensis) with four 
rings on the pygidial axis, the other (armoricensis) with three, the two of mutually exclusive 
distribution in the Llanvirn: the former in Britain, north Portugal and Bohemia, the latter in 
Brittany and Spain. Rábano (1984) identified P. (P.) cambriensis (at one locality in association 
with P. (P.) c. armoricensis) in the Montes de Toledo, Spain, and argued on morphological and 
distributional grounds that there was no basis for two subspecies. In the light of Rábano's data, 
we consider the pygidial difference to be more likely the result of individual variation, or of 
preservational differences, than of taxonomic significance. 


Family ENCRINURIDAE Angelin 1854 
Subfamily DINDYMENINAE Henningsmoen 1959 
Genus DINDYMENE Hawle & Corda 1847 


TYPE SPECIES. Dindymene fridericiaugusti Hawle & Corda 1847, Ashgill Králův Dvůr Forma- 
tion; Prague district, Czechoslovakia. Subsequently designated by Barrande, 1852: 816. 


DIAGNOSIS. Glabella inflated, clavate, expanding forwards; lateral glabellar furrows, when 
developed, short and shallow, being confined to vertical face of glabella adjacent to axial 
furrow; facial suture close to cephalic margin, running along border furrow; thorax of 10 or 11 
segments; pygidium with 5-12 axial rings and two, or rarely three, pairs of pleural ribs. 


REMARKS. The above diagnosis is modified from those of Henningsmoen (in Harrington et al. 
1959: 0448) and Kielan (1960: 146) to include Cornovica Whittard. The latter was proposed for 
the Llanvirn species C. didymograpti Whittard 1960, from the Hope Shales Formation, Shelve 
inlier, and Whittard laid stress upon the cephalic sculpture, the glabella not projecting beyond 
the cephalic border, the presence of glabellar furrows in addition to 1P and 11 rather than 10 
thoracic segments as particulars which distinguish it from Dindymene species. The sculpture, 
however, is closely similar to that of certain Dindymene species (e.g. D. longicaudata—compare 
with Whittard 1960: pl. 17, figs 8-10 and Kielan 1960: pl. 30, fig. 2). The amount of glabellar 
projection is only a matter of degree, and can be affected by distortion; all Whittard's Corno- 
vica didymograpti with the glabella well preserved (Whittard 1960: pl. 17, figs 8-10) are some- 
what distorted, and their appearance is very similar to that of distorted Dindymene hughesiae 
(Ingham 1974: pl. 18, fig. 12). The only real differences, therefore, are the presence of 2P and 3P 
lateral glabellar furrows and 11 thoracic segments. 
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The bulk of described Dindymene species are of Ashgill age, and the genus has only scant 
representatives in the Caradoc and Llandeilo. The Llanvirn Cornovica didymograpti and the 
Arenig species described below are considerably earlier than most 'typical' Dindymene, and they 
might be expected to retain what are evidently primitive characters for the genus—2P and 3P 
glabellar furrows and 11 thoracic segments. The presence of three pairs of pleural ribs rather 
than the customary two in Dindymene longicaudata and an undescribed Dindymene from the 
Upper Whitehouse Beds, Girvan (Ingham 1974: 85) presumably bears testimony to earlier 
species with 11 thoracic segments. On the basis of these arguments we believe that Cornovica is 
best regarded as a subjective synonym of Dind ymene. 

Whittard (1960: 123) claimed that Cornovica occupied an intermediate position between 
Dindymene and the Llanvirn genus Plasiaspis Prantl & Přibyl, because the latter has 12 
thoracic segments and deep lateral glabellar furrows. However, the structure of the glabella and 
anterior border area of Plasiaspis (see Horny & Bastl 1970: pl. 15, fig. 2) is quite different from 
those of both of the others, although its general morphology suggests that its placement in the 
Dindymeninae is correct. More recently Strusz (1980: 6) excluded both Cornovica and Plasi- 
aspis from the Dindymeninae because, among other characters, both had a rostral plate; he 
claimed that the rostral and connective sutures are ankylosed in Dindymene, ‘of levisellid 
pattern’. Kielan (1960: 143) stated that the ventral cephalic sutures are incompletely known, but 
were probably of levisellid type. We can find no reference to a description of the ventral 
cephalic morphology in Dindymene, but a specimen of D. longicaudata figured by Kielan (1960: 
pl. 28, fig. 5) has the front part of the glabella missing and exposing what appears to be a rostral 
plate, which compares closely with that of Cornovica didymograpti figured by Whittard (1960: 
pl. 17, figs 1, 2). We would thus dispute that the sutures are ankylosed in Dindymene, or at least 
in D. longicaudata. There is therefore no reason on this basis to exclude Cornovica or Plasiaspis 
from the Dindymeninae. Even if they are found to be ankylosed in some Dindymene, and such 
might be expected to occur in late members of the lineage, all other characteristics point to a 
close association—to the extent that we have synonymized Cornovica with Dindymene. Strusz’ 
(1980: 6) claim that Cornovica and Plasiaspis are ‘probably cybelinids’ cannot therefore be 
upheld, nor do we see any reason to elevate the Dindymeninae to family status. Prosopiscus 
Salter (in Salter & Blandford 1865), included with question in the Dindymeninae by Hennings- 
moen (in Harrington et al. 1959: 0449), has recently been shown by Fortey & Shergold (1984: 
357) to have affinities with the Phacopina. Kielan (1960: 144) added the Ashgill genus Eodindy- 
mene Kielan, which is like Dindymene in all respects apart from having the facial suture crossing 
the cheek. We are doubtful if this one character warrants generic distinction, and suggest that 
separation at subgeneric level at the most would be more appropriate. Dindymenella Lu et al. 
1976 has lateral glabella furrows slightly longer than in Dindymene didymograpti, but not as 
long as in Plasiaspis. The pygidial pleurae are broad (tr.) and in contact for most of their length. 
On the basis of the figured material (Lu et al. 1976: pl. 14, figs 9-11) we are uncertain whether 
Dindymenella is a dindymenine, or belongs to another encrinurid subfamily. 


Dindymene saron sp. nov. 
(Figs 94a-4, 95) 
HOLOTYPE. It.18984, cephalon with eight thoracic segments. 


TYPE LOCALITY AND HORIZON. Fennian Stage, S. abyfrons Biozone, Pontyfenni Formation; loc. 
38, Pen-y-parc. 


PARATYPES. From type locality: BGS Pr1755, It.18989, NMW 84.17G.160, thoraces with 
pygidia; 1t.18986, incomplete cranidium. From B. rushtoni Biozone; loc. 23, Pontyfenni: 
1t.18985, 1t.18988, complete specimens; It.18991, cephalon and thorax; It.18990, cephalon with 
thoracic segments; It.18987, cephalon. 


DIAGNOSIS. Dindymene with three pairs of short lateral glabellar furrows; small, prominent IP 
lobe; glabella with sculpture of fine granules, cheeks reticulate with tiny granules; thorax of 11 
segments with long pleural spines; pygidium with 5-6 axial rings and two pairs of long pleural 
spines. 
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Fig. 94 Dindymene saron sp. nov. Upper Arenig, Fennian Stage, Pontyfenni Formation, B. rushtoni 
Biozone, loc. 23, Pontyfenni (b, d, e, h, i) or S. abyfrons Biozone, loc. 38, Pen-y-parc (a, c, f, g). a, 
holotype, cephalon with seven thoracic segments, x 5, [t.18984; b, small axial shield, latex cast from 
external mould, x 10, 1t.18985; c, incomplete cephalon showing sculpture of cheek, x 5, It.[8986; d, 
cranidium, latex cast from external mould, showing sculpture on glabella, x 12:5, 1t.18987; e, small 
axial shield, x 6, It.[8988; f, thorax and pygidium, x 8, It.[8989; g, small thorax and pygidium, latex 
cast from external mould, x 12:5, BGS Pr1755; h, cephalon with two thoracic segments, x 4:5, 
It.18990; i, small cephalon and thorax, x 11, 1t.18991. 


Fig. 95 Reconstruction of Dindymene saron sp. 
nov, x 8 approx. Facial suture not indicated 
(but see Whittard 1960: pl. 17, fig. 10). 
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NAME. Greek o&pov, a broom, alluding to the long thoracic pleural spines. 


DESCRIPTION. Glabella clavate, extending as far as, but not overhanging, anterior border, which 
seems to be defined by a shallow anterior border furrow (Fig. 94a); of three pairs of short 
lateral glabellar furrows, 1P deepest, which defines a small, ovate and rather prominent 1P lobe 
depressed below level of remainder of glabellar surface. Sculpture of fine, dense granules. Cheek 
coarsely reticulate; interspersed fine granules only seen in external moulds (Fig. 94d). Genal 
spine not well preserved in our material, but on the holotype appears to extend straight 
outwards and backwards from the genal angle. Facial suture not seen, but probably it ran 
outside the genal spine as on D. didymograpti. 

Thorax of 11 segments, whose pleural ribs are extended into long spines. A small specimen 
(Fig. 94b) appears to have only 10 thoracic segments, and this is presumably a late meraspis; it 
appears to have a finely granulose sculpture on the pleurae. 

On only one specimen (Fig. 94g) is the pygidial axis at all well preserved. It tapers backwards 
rapidly to a point, and has five rings and a tiny terminal piece. A larger specimen shows 
perhaps six axial rings. There are two pairs of long spinose pleurae, the anterior longer than the 
posterior pair. 


REMARKS. D. saron is the earliest known Dindymene. It differs from D. didymograpti (Whittard 
1960) in details of the cephalic sculpture, particularly in the coarser reticulation of the cheek 
and the more numerous, finer granules on the glabella. The thoracic and pygidial pleural spines 
are much longer, and there are fewer (five or six as opposed to seven) axial rings. 

Rare and ill-preserved specimens of a Dindymene have been found in the Fennian part of the 
Llanfallteg Formation at locs 52V and 52W, Llanfallteg; these are presumably referable to D. 
did ymograpti, although it is possible that they belong to what appears to be another species 
that occurs in the D. ‘bifidus’ Beds at Penarfynydd, Llŷn (Figs 96a, b). This has a reticulate 
sculpture on the cheek, with only occasional small granules; the glabella is apparently smooth, 
and has only sparse granules. There are 10 thoracic segments. This combination of features 
distinguishes it from both D. didymograpti and D. saron, suggesting the presence of a third early 
Dind ymene in the Arenig-Llanvirn of Wales. 


** Fig. 96 Dindymene cf. didymograpti (Whittard 

? 1960). Lower Llanvirn, D. artus Biozone, Pen- 
arfynydd, Rhiw, Llyn Peninsula, Gwynedd. 
a, complete axial shield, x 65, NMW 
27.110.G795; b, cranidium with four thoracic 
segments, showing sculpture on cheek, x 4, 
NMW 27.110.G648. 


Family CALYMENIDAE Milne Edwards 1840 
Subfamily REEDOCALYMENINAE Hupe 1955 
Genus NESEURETUS Hicks 1873 


TYPE SPECIES. Neseuretus ramseyensis Hicks 1873, Moridunian, Ogof Hén Formation; Ramsey 
Island. Subsequently designated by Vogdes (1925: 106). 


REMARKS. We follow here the arguments of Whittard (1960), Whittington (1966) and Henry 
(1980) in placing Neseuretus in the Calymenidae, not the Homalonotidae, and accept Henry’s 
(1980) and Hammann’s (1983) assignment to the subfamily Reedocalymeninae. 
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Several Neseuretus species have been recovered from the British Arenig, and these have been 
described by Whittard (1960), Whittington (1966) and Bates (1968a, 1969), mostly from the 
lower part of the series, and are listed by Fortey & Morris (1982: 69, 70). Some of these are 
likely to be synonyms—for instance N. brevisulcus Whittard 1960 is distinguished from N. 
parvifrons (M'Coy 1851) principally upon the degree of development of the weak anterior 
border furrow, a feature that Whittington (1966: 503) noted was highly variable. The distinc- 
tion seems to us to be accounted for by a combination of this variation and preservation; both 
species occur together in the lower third of the Mytton Flags. Bates (1969: 23) included N. 
grandior with question in the synonymy of N. ramseyensis. The differences between the two 
(only pygidia are known of the former) are 10 axial rings and 8-9 pleurae in the former, with 
corresponding figures of 8 or 9 and 7 or 8 in the latter. This hardly seems to us a specific 
difference, and we here include grandior in ramseyensis. 

Cyclopyge (see above) and Neseuretus are the only trilobites having species common to the 
Mytton Flags and the Arenig of north and south Wales; thus N. parvifrons occurs also in the 
Henllan Ash and N. murchisoni (rarely) in that formation and in the Ogof Hén Formation, 
Bolahaul Member. Our (Fortey & Owens 1978: 233 and 237, fig. 6) records of N. parvifrons in 
south Wales were erroneous; the material is all referable to N. murchisoni. Specimens resem- 
bling N. complanatus occur rarely at loc. 19. It may be assumed that those parts of the Mytton 
Flags (the lower third) with N. murchisoni and N. parvifrons equate with the Moridunian. 
Records of N. murchisoni from higher in the Mytton Flags (upper third), on the basis of 
Whittard's 1960: pl. 29, fig. 12, do not belong to this species, and his figured specimen more 
closely resembles N. parvifrons, which he records (1966: 304) as occurring throughout the 
formation—in contradiction to his earlier (1960: 144) statement that it is apparently restricted 
to the lower third. It is possible that the higher records refer to forms like those on his 1960: pl. 
20, fig. 12, and not to parvifrons, sensu stricto. 

Hammann (1983: 57) has shown how Llanvirn-Llandeilo Neseuretus species in Spain favour 
particular facies, and the same apparently holds true for British Arenig species. Thus Neseu- 
retus ramseyensis occurs in micaceous silty mudstones or in arenaceous sediments; N. parvifrons 
in micaceous silts of the Mytton Flags and sandy mudstones or muddy felspathic sandstones in 
the Henllan Ash; and N. murchisoni in the muddy sediments of the Bolahaul Member and 
within the Mytton Flags. 


Neseuretus ramseyensis Hicks 1873 
(Figs 97a-g) 

1873  Neseuretus ramseyensis Hicks: 44—45; pl. 3, figs 7-10, 16-22. 

1960  Neseuretus grandior Whittard: 141; pl. 20, figs 1, 2. 

1960  Neseuretus parvifrons (Salter); Whittard: 145 pars (reference to N.? elongatus only). 

1960  Neseuretus murchisoni (Salter); Whittard: 148 pars; pl. 21, figs 1, 2 only. 

1969 Neseuretus ramseyensis Hicks; Bates: 23; pl. 8, figs 3, 4, 6-12; pl. 9, figs 1-3, 6 (With full 

synonymy). 

21975  Neseuretus grandior Whittard; Struve: 279, fig. 28. 


LECTOTYPE (selected Whittard 1960: expl. to pl. 21). BGS GSM10166, cranidium from Ogof 
Hén Formation, Ramsey Island. 


OCCURRENCE. At type locality; in lowermost, silty part of Bolahaul Member, Llangynog inlier 
and Star Cottage, Carmarthen (loc. 8, Fortey & Owens 1978); Stiperstones Quartzite, Shelve 
inlier. 

DIAGNOSIS. Neseuretus with narrow, upturned anterior border, distinct preglabellar furrow; 
lateral glabellar furrows weak on larger specimens; pygidium with 8—10 axial rings, 7-9 pleural 
ribs, axis not reaching posterior margin. 


REMARKS. Bates (1969: 23) redescribed this species, but noted that distortion makes accurate 
description difficult. The cephalon closely resembles that of N. murchisoni, and these species can 
really only be discriminated upon pygidial differences, N. ramseyensis typically having 8 
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Fig. 97 Neseuretus ramseyensis Hicks 1873. Lower Arenig, Moridunian Stage, Ogof Hên Formation, 
Bay Ogof Hén, Ramsey Island (a, b, f, g), Bolahaul Member, Llangynog (c, d) and Star Cottage, 
Carmarthen (Fortey & Owens 1978: loc. 8B) (e). a, cephalon and thorax, latex cast from external 
mould, x 2-5, NMW 29.308.G240b; b, pygidium showing eight axial rings, x 3, NMW 29.308.G63; 
c, large pygidium, x 1-5, NMW 78.8G A41; d, small pygidium, relatively undistorted, latex cast from 
external mould, x 5-5, NMW 78.8G.42; e, small distorted pygidium (compare with Fig. 97d), x 4, 
NMW 75.45G.235a; f, small cranidium, x 6, NMW 27.110.G762; g, small pygidium with four 
attached thoracic segments, x 2, NM W 85.68G.1. 


(sometimes 9) axial rings and 7 pairs of pleural ribs, compared with 5 and 4 in N. murchisoni. 
Much of the material of N. ramseyensis is of a comparatively large size, and it might be 
considered that the larger numbers of rings and ribs are a function of this. However, specimens 
of comparable size show the same differences, so the presence of two taxa, albeit closely related, 
seems to be real. 

Struve (1975: 219, fig. 28) figured an incomplete external mould of a Neseuretus pygidium in 
an erratic quartzite pebble from Hessen, Germany, as N. grandior Whittard (= N. ramseyensis, 
see above). Although there is general resemblance to Whittard's specimens, we only include this 
specimen with question in ramseyensis because the pleural areas are proportionately much 
narrower (although this may be an artefact of preservation), and insufficient details can be 
discerned for a definitive identification. Nevertheless, its occurrence suggests the presence of 
shallow-water Neseuretus-bearing quartzites on the southern margin of Tornquist's Sea, be they 
of Arenig or later age. 


Neseuretus murchisoni (Salter 1865) 
(Figs 98a-e) 


1960 Neseuretus murchisoni (Salter); Whittard pars: 148; pl. 20, figs 6-11, 13-15 [non fig. 12, =?N. 
parvifrons]. (With full synonymy). 

1966  Neseuretus murchisoni (Salter); Whittington: 503; pl. 4, figs 14, 15, 17-19. 

1978  Neseuretus parvifrons (M'Coy); Fortey & Owens: 233, 237. 


LECTOTYPE (selected Shirley 1931: 14). BGS GSM35256, cranidium from Mytton Flags; Lord's 
Hill, Snailbeach. Figured Shirley (1931: pl. 1, fig. 5) and Whittard (1960: pl. 20, fig. 6). 


OCCURRENCE. In south Wales the species is recorded from mudstones of the Bolahaul Member, 
Ogof Hén Formation, locs 9 and 12 of Fortey & Owens (1978: 241), and from temporary 
exposures (1981) along Carmarthen bypass, south of Pensarn, Carmarthen. It occurs rarely in 
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Fig. 98 | Neseuretus murchisoni (Salter 1865). Lower Arenig, Moridunian Stage, Ogof Hên Formation, 
Bolahaul Member, temporary exposures (1981) on Carmarthen bypass, south of Pensarn (a, e), 
temporary exposure at water treatment plant, Penddaulwyn Fawr, Capel-Dewi (Fortey & Owens 
1978: loc. 12) (d) and tipped material at Wennallt, Allt Cystanog, Carmarthen (Fortey & Owens 
1978: loc. 9) (b, c). a, undistorted cranidium, preserving original relief, x 3-5, NMW 85.17G.1a; b, 
cranidium, latex cast from external mould, x 4, NMW 75.45G.230; c, thorax and pygidium, latex 
cast from external mould, x 3:5, NMW 75.45G.228; d, cranidium showing large palpebral lobe, 
x 4-5, NMW 76.3G.19; e, thorax and pygidium, x 2, NM W 85.17G 2a. 


the Carnedd lago Formation, Henllan Ash Member, Arennig Fawr district (Whittington 1966: 
503), and commonly in the lowest one-third of the Mytton Flags, Shelve inlier. 


DiAGNOSIS. Cranidium like N. ramseyensis; pygidium with axis anteriorly about one-third 
anterior breadth (tr.), and extending to posterior margin, composed of five rings and a terminal 
piece; four pairs of pleural ribs. 


REMARKS. This species has been fully described by Whittard (1960: 148), and well-preserved 
specimens from the Bolahaul Member are illustrated here for comparison. 


Neseuretus cf. complanatus Whittard 1960 
(Figs 99a—d) 


MATERIAL. One incomplete cephalon and two incomplete pygidia from the Whitlandian, Afon 
Ffinnant Formation, loc. 19. 


REMARKS. The cephalon resembles N. complanatus from the Mytton Flags in having a flat 
lateral profile (compare Fig. 99b with Whittard 1960: pl. 20, fig. 5), but we are uncertain 
whether this is at least in part produced by compression both in our specimen and in Whit- 
tard's. Otherwise it is closely comparable with that of N. parvifrons except that in the type of 
complanatus the palpebral lobe is apparently larger and in it and our specimen the glabella is 
proportionately longer and narrower. 


Subfamily COLPOCORYPHINAE Hupe 1955 
Genus COLPOCORYPHE Novak, in Novak & Perner 1918 


TYPE SPECIES. Calymene Arago Rouault 1849 from the Llanvirn-Llandeilo of la Couyère, Ille-et- 
Villaine, Brittany, France. By original designation. 
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Fig. 99  Neseuretus cf. complanatus Whittard 1960. Middle Arenig, Whitlandian Stage, Afon Ffinnant 
Formation, loc. 19, Ffinnant road cutting. a—c, cranidium, internal mould, lateral view of same and 
latex cast from external mould, x 3, It.18992; d, incomplete pygidium, x 3, It.18993. 


Colpocoryphe taylorum sp. nov. 
(Figs 100a-h) 


HoLotyPe. NM W 84.11G.6a, complete specimen. 


PARATYPES. 1t.18994—5, cranidia; 1t.18996, NMW 77.9G.36, 84.12G.26, 28, 84.17G.128-133, 
thoraces with pygidia; NM W 84.12G.25a, b, 84.12G.27, pygidia. All loc. 23. 


TYPE LOCALITY AND HORIZON. Fennian Stage, B. rushtoni Biozone, Pontyfenni Formation; loc. 
23, Pontyfenni. 


OTHER MATERIAL. Á badly-preserved complete specimen from loc. 22, Sabulon, probably 
belongs to this species. 


DIAGNOSIS. Colpocoryphe with subquadrate glabella with truncated frontal lobe; palpebral lobe 
small, distant from axial furrow; pygidium with one incised pleural and interpleural furrow; 
axis with 12 rings. 


NAME. For Mr C. T. and Mrs I. Taylor, who presented the authors with a number of important 
specimens. 


DESCRIPTION. Glabella subquadrate, frontal lobe truncated, more or less transverse. 1P furrow 
deep, running obliquely backwards at about 45? to exsagittal line drawn through its axial end. 
Abaxially there is a suggestion of a bifurcation. 2P a little over half way along glabella from 
posterior; it is somewhat shorter and shallower than 1P, and is directed backwards at a smaller 
angle. 3P short, weak, rather less than halfway from 2P to anterior margin of glabella, and 
directed slightly backwards, transverse or slightly forwards: this variation is probably due in 
part to degree of compression. One specimen shows a small 4P, a short distance in front of 3P, 
of similar depth and length, and directed slightly forwards. Occipital furrow approximately 
transverse, curved weakly forwards laterally. Occipital ring as wide as, or marginally wider (tr.) 
than glabella. 

Axial furrow more or less straight for most of its length, curving inwards towards occipital 
furrow round 1P lobe. Preglabellar furrow shallower than axial, confluent with anterior border 
furrow. Inner part of fixed cheek broad; palpebral lobe situated distant from axial furrow with 
its margin slightly elevated above level of adjacent cheek. It is small, about an eighth of the 
sagittal length of the glabella on larger specimens. The only specimen with the fixed cheek 
preserved (Fig. 100c) shows a small eye, making this one of the few eyed species in the Fennian 
atheloptic assemblage. Pre- and postocular branches of facial suture both outwardly convex, 
the postocular branch being considerably longer than the preocular. Anterior cranidial border 
clearly defined and backwardly convex in dorsal view; lateral cephalic border hardly defined, 
being confluent with remainder of free cheek. Posterior border furrow deep and broad, defining 
abaxially widening posterior cephalic border. 
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Fig. 100 Colpocoryphe taylorum sp. nov. Upper Arenig, Fennian Stage, B. rushtoni Biozone, Ponty- 
fenni Formation, loc. 23, Pontyfenni. a, cranidium showing fine granulose sculpture and small 
palpebral lobe, x 4, 1t.18994; b, small thorax, x 10, NMW 77.9G.36; c, holotype, almost complete 
axial shield, x 2, NMW 84.11G.6a; d, f, small pygidium, latex cast from external mould showing 
granulose sculpture, and internal mould, x 10, NMW 84.12G.25a, b; e, large pygidium, x 3, NMW 
84.12G.27; g, small cranidium, x 5, It.18995; h, thorax and pygidium, showing rounded lateral 
extremities of thoracic pleurae, x 3, 1t.18996. 


Thorax of thirteen segments, which give a typically concave lateral profile which may be 
consistent with a burrowing mode of life for this species of the kind suggested by Hammann 
(1983: 29, text-fig. 11). Pleurae with narrow anterior and broad posterior bands, and flexed 
steeply downwards at fulcrum. 

Pygidium with distinct border furrow typical for Colpocoryphe, which tends to be less pro- 
nounced on smaller specimens than on larger ones. Pleural area with one pleural and one 
interpleural furrow, but otherwise smooth. Axis broad, with 11-12 rings which become progres- 
sively narrower (sag.) and less well defined towards posterior. It tapers backwards only slightly 
as far as a position opposite border furrow, after which it tapers rapidly to a blunt end which 
merges insensibly with posterior border before reaching posterior margin. 

Sculpture on cranidium and pygidium of numerous, very fine granules. 


REMARKS. The most distinctive feature of this species is the small palpebral lobe, situated 
distant from the axial furrow. This, together with the subquadrate glabella, immediately dis- 
tinguishes it from the other Arenig species C. thorali Dean and C. maynardensis Courtessole, 
Pillet & Vizciano, both from the Montagne Noire. Both have a much larger eye which is 
situated close to the axial furrow, as well as more furrows in the pleural fields (see e.g. Dean 
1966: pl. 11, figs 1, 2, 10; pl. 12, figs 1, 4, 6-9, 11; Courtessole et al. 1983: pl. 3, figs 5, 7, 8; pl. 4, 
figs 2, 3, 6, 10, 11, 13, 14, 16, 18; pl. 5, figs 3, 6, 7). Courtessole et al. (1983: 17, 22) considered 
two species, with concurrent stratigraphical ranges, to be represented within Dean's (1966) 
material of C. thorali. Some they retained in Colpocoryphe as a new species, C. deani, with the 
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remainder placed in Salterocoryphe thorali. They did not make clear their precise reasons for 
this division, nor did they fully justify their transferrence of thorali to Salterocoryphe. On the 
basis of the illustrated material we follow Dean, and consider one species only to be present, 
and to belong to Colpocoryphe rather than the closely related Salterocoryphe; in particular it 
lacks the distinctively shaped glabella and ribbed pygidial border of the latter genus. 

Of Llanvirn species, C. thorali conjugens Hammann from Spain has a larger eye, close to the 
axial furrow (e.g. Hammann 1983: pl. 12, figs 112a, b), but like this subspecies, C. taylorum has 
a subquadrate glabella and one pleural and one interpleural furrow on the pygidium (cf. Figs 
100d, e, f and Hammann 1983: pl. 12, figs 111b, 113a), whilst the Llandeilo C. rouaulti Henry 
from Brittany (Henry 1970: pl. B) and Spain (Hammann 1983: pl. 13) has a proportionately 
longer, narrower glabella with a more rounded frontal margin, the eye closer to the axial 
furrow and only one pleural furrow on the pygidial pleural field. Compared with all other 
Colpocoryphe species, C. taylorum is the only one found in sediments of comparatively deep 
water origin, and to this may be related the much reduced eye. 


Family DALMANITIDAE Vogdes 1890 
Subfamily ZELISZKELLINAE Delo 1935 
Genus ORMATHOPS Delo 1935 


TYPE SPECIES. Dalmanites atavus Barrande 1872, from the Llanvirn Sárka Formation, Osek, 
near Rokycany, Bohemia. By original designation. 


DIAGNOSIS. Zeliszkelline with broad, flat anterior border; facial suture distant from anterior 
glabellar margin; 3p straight or sigmoidal; eye forwardly placed, ranging from being moder- 
ately large to being reduced to a few lenses, or may be absent; lenses, apart from those on 
upper horizontal row, are all the same size, and lens-packing is never entirely regular; deep 
palpebral furrow present in most species; small genal spine present in immature specimens. 
Pygidium triangular to subparabolic, axis with 7—10 rings, pleural areas with 4—6 pairs of ribs; 
hypostome with straight lateral margins, or slightly constricted at mid-length. 


OCCURRENCE. Arenig-Llanvirn of British Isles, Montagne Noire, France, Anti-Atlas, Morocco, 
and Bohemia. 


REMARKS. Ormathops is the earliest known member of the Phacopina and is the earliest trilobite 
with schizochroal eyes (Clarkson 1971). Unlike all other Phacopina, the eye lenses of Ormathops 
are the same size, and the packing arrangement is never entirely regular, as has been demon- 
strated by Clarkson (1971). The earliest Ormathops is O. borni Dean 1966 from the D. extensus 
Biozone of the Montagne Noire. Destombes (1972) recognized this species from a similar 
horizon in the Anti-Atlas, Morocco, but placed it in Pterygometopus because all of the lateral 
glabellar furrows are deeply incised, the eyes are large and because of the outline and configu- 
ration of the palpebral lobes, hypostome and pygidium. Now that more Ormathops species are 
known these characters cannot be used to exclude O. borni from the genus. In particular, 
Clarkson (1971) has shown that O. borni and the type species O. atava both have a distinctive 
kind of primitive schizochroal eye. The Moroccan O. borni has a consistently larger eye than 
does the material from the Montagne Noire, and it may be a different species. On the other 
hand, Clarkson (1971) described a wide variation in the size of the eye and number of lenses in 
O. atava which might be the result of intraspecific variation; the same may apply to O. borni. 

O. atava, of Llanvirn age, has somewhat smaller eyes than does O. borni, but Fennian species 
from south Wales are either blind, as in the case of O. nicholsoni, or have the eye reduced to 
only a dozen or so lenses, as in O. llanvirnensis. Thus eye reduction or loss occurs in the earliest 
Phacopina, and anticipates the same sequence which is repeated in several different lineages of 
later taxa, especially in the late Devonian. In both the Fennian and the late Devonian, this eye 
reduction and loss is found in atheloptic assemblages. 

There might be a temptation to separate off the reduced-eyed and blind Ormathops species as 
subgenera. We would caution against this, however, because it is likely to produce a facile 
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artificial classification that might obscure true relationships. Eye reduction and loss probably 
occurred iteratively within Ormathops, with several short-lived independent lineages developing 
reduced eyes or eye loss as they invaded deeper-water offshore habitats. 


Ormathops nicholsoni (Salter 1866) 
(Figs 101a-m, 102) 


1866 Phacops Nicholsoni Salter, in Harkness & Nicholson: 486 pars, figs c, d (lectotype only; other 
syntype probably Placoparia). 

1875  Phacops Nicholsoni Salter; Hicks: 187. 

1876  Phacops Nicholsoni Salter; Ward: 106. 

1881  Phacops Nicholsoni Salter; Etheridge: 113. 

1885  Phacops nicholsoni Salter; Postlethwaite: pl. i, figs 2—4. 

1886  Phacops nicholsoni Salter; Postlethwaite & Goodchild: 457; pl. 1, fig. 2. 

1905 Phacops Nicholsoni Salter; Reed: 176. 

1935  Phacops nicholsoni Salter; Delo: 403. 

1940 ?Calyptaulax nicholsoni (Salter) Delo: 9, 12. 

1958 Ormathops nicholsoni (Salter) Struve: 183, 187. 

1960 Ormathops nicholsoni (Salter); Whittard: 128 pars; pl. 16, fig. 6 [non fig. 7, = O. llanvirnensis]. 

1966 Ormathops nicholsoni (Salter); Dean: 297. 

1971 Ormathops nicholsoni (Salter); Clarkson: 52. 


LECTOTYPE. From Salter’s two syntypes, Whittard (1960: 129) selected a moult arrangement of 
cephalon and thorax plus pygidium (Tullie House Museum, Carlisle) from the Skiddaw Slates 
Group (probably Fennian) of Whiteside, Cumbria. However, Goodchild (in Postlethwaite 1885, 
plate explanations) stated that his figure 2, which is the same specimen, was ‘drawn from the 
original type specimen figured by Mr Salter’; selection of the lectotype therefore dates from 
Goodchild, not Whittard. 


MATERIAL. Besides the lectotype, Salter (in Harkness & Nicholson 1866: 486) mentioned a 
further specimen, now BGS GSM352339, an ill-preserved incomplete thorax and pygidium from 
Whiteside. On examination, we consider that this specimen is referable to Placoparia cam- 
briensis and not to O. nicholsoni. Another ill-preserved Lake District specimen labelled nichol- 
soni, GSM 35240 from Skiddaw, is also more likely to be a Placoparia. In south Wales 
abundant well-preserved specimens have been collected from the Fennian, B. rushtoni Biozone, 
Pontyfenni Formation, at Pontyfenni, loc. 23, and a few also from Capel-Dewi, loc. 20D, and 
the Aber Mawr Formation at Aber Mawr, Ramsey Island, loc. 62. 


DIAGNOSIS. Ormathops with preocular suture close to anterolateral corner of glabella; without 
eyes, but with deep palpebral furrow on anterior end of cheek; 3P furrow deep, sigmoidal; 
pygidium broadly triangulate with 9 axial rings and 6 pairs of pleural ribs with deep, narrow 
interpleural furrows; sculpture of fine pits on cheek, and very fine puncta on glabella and 
cephalic border; hypostoma with straight, backwardly converging lateral margins. 


DESCRIPTION. Glabella expanding rapidly forwards in front of 2P lobe so that width (tr.) across 
basal lobes is 50%-60% of that across frontal lobe. 1P—3P furrows all of similar depth, and all 
extend for about the same distance inwards, extending more than halfway towards sagittal line. 
1P furrow directed slightly backwards, and deepens and widens adaxially, and bifurcates dis- 
tally into two short branches, the posterior of which runs approximately exsagittally. 2P furrow 
more or less transverse; 2P lobe slightly longer (exsag.) than 1P; 3P furrow sigmoidally curved, 
and directed strongly obliquely backwards. Occipital furrow arched weakly forwards sagittally, 
and of approximately equal depth along its length (tr.). Occipital ring widens a little sagittally, 
and has a small median node. 

Cheek weakly convex. Short, prominent palpebral furrow present in a forward position, 
running parallel to the margin, its adaxial end opposite 3P furrow, close to axial furrow. It is 
proportionately further back in small specimens (e.g. Fig. 101i). A short, raised palpebral lobe is 
present in front of palpebral furrow, but the eye is apparently absent. We have failed to detect 
any lenses, but such are easily seen on material of O. llanvirnensis in which the preservation is 
similar, or in some cases worse. Facial suture runs obliquely across cephalic margin from a 
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Fig. 101 Ormathops nicholsoni (Salter 1866). Upper Arenig, Fennian Stage, B. rushtoni Biozone, 
Pontyfenni Formation, loc. 23, Pontyfenni. a, large cephalon, showing sculpture on cheek and 
glabella, x 3, NMW 84.11G.7a; b, hypostoma showing anterior wings, x 7, [t.18997; c, small 
incomplete cranidium lacking free cheek, x 6, NM W 84.12G.17a; d, thorax and pygidium, latex cast 
from external mould, x 4, NMW 84.11G.8b; e, cephalon, x 5, NM W 84.11G.9a; f, moult arrange- 
ment of reversed cephalon and thorax and pygidium, x 2, 1t.18998; g, small cephalon, latex cast 
from external mould, x 5:5, NMW 84.11G.10; h, thorax, latex cast from external mould, showing 
rows of small pits on pleurae, x 10, NMW 84.11G.11b; i, small cephalon, latex cast from external 
mould, showing ocular ridge distant from border furrow, x 5-5, NMW 84.11G.12b; j, pygidium with 
associated thoracic segments, latex cast from external mould, x 3, NMW 85.69G.Ib; k, small 
pygidium, x 4, It.18999; 1, immature cephalon, latex cast from external mould, x 15, 1t.19000; m, 
hypostome, latex cast from external mould showing granulose sculpture, x 6, 1t.19001. 
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Fig. 102 Reconstruction of Ormathops nicholsoni 
(Salter 1866), x 2-5 approx. 


position a short distance in front of genal angle to cross onto cheek a short distance behind 
palpebral furrow; after running along the front of the palpebral lobe, it runs close to the 
anterolateral corner of the glabella, and then around the frontal lobe. One small specimen 
(Fig. 101c) apparently lacks the free cheek, which suggests that in immature individuals, at least, 
the suture might have been functional. Anterior and lateral borders flat, widest opposite the 
palpebral lobe. Genal angle rounded, but a short spine present in small specimens (Fig. 1011). 
Posterior border widens markedly towards genal angle. 

Glabella with sculpture of fine pits and tiny granules; cheek with coarser pits interspersed 
with fine ones; anterior, lateral and cephalic borders with fine granules. 

Hypostoma with anterior margin arched gently forwards. Anterior wings transverse, elongate 
and narrow. Lateral margins weakly convergent, posterior gently rounded. Lateral and pos- 
terior border furrows define narrow borders of approximately equal width. Anteriorly lateral 
border furrow widens and becomes shallower at base of anterior wing. Median body gently 
convex, without lobes. Whole surface finely pitted. 

Thorax of eleven segments. The axis widens slightly as far as the third or fourth axial rings, 
behind which it tapers very gently backwards. Pleurae with deep, oblique pleural furrows which 
extend close to the ends of the pleurae, which are bluntly rounded. One specimen (Fig. 101h) 
has a series of small pits on each anterior pleural band. That these are a primary and not a 
preservational feature is indicated by their regular disposition, although their presence on one 
specimen only is difficult to explain. 

Pygidium of broadly triangulate outline. Axis tapers very gently backwards, with nine clearly 
defined rings and bluntly terminating: it is about 0-9 of pygidial length. Six pairs of pleural ribs 
with narrow, shallow interpleural furrows running more or less parallel with deeper pleural 
furrows. Both extend close to margin. Narrow border area of pygidium smooth. Thorax and 
pygidium both have sculpture of fine granules. 


REMARKS. Whittard (1960: 129; pl. 16, fig. 7) included in this species a cephalon from the Hope 
Shales. The shallow 3p furrow and lack of a deep palpebral furrow preclude inclusion of this 
specimen in O. nicholsoni, and show that it belongs to O. llanvirnensis. Snajdr (1984) has shown 
why O. barroisi (Kloucek) from the Llanvirn of Bohemia cannot be included within the syn- 
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onymy of O. nicholsoni, as Whittard (1960: 129) had claimed. Examination of a specimen in the 
British Museum (Natural History), It.19015, allows us to substantiate Snajdr's contention, and 
we note in particular the effaced 2P and 3P furrows and very short, shallow palpebral furrow as 
characters which distinguish O. barroisi from O. nicholsoni. 


Ormathops llanvirnensis (Hicks 1875) 
(Figs 103a-g) 


1875  Phacops llanvirnensis Hicks: 187; pl. 9, figs 3, 4. 

1905  Phacops llanvirnensis Hicks; Reed: 176. 

1906  Phacops llanvirnensis Hicks; Evans: 616-617. 

1907  Phacops llanvirnensis Hicks; Cantrill, in Strahan et al.: 16. 

1909  Phacops llanvirnensis Hicks; Thomas, in Strahan et al.: 30. 

1914  Placoparia (sic) llanvirnensis Hicks; Thomas, in Strahan et al.: 28. 
1918  Phacops llanvirnensis Hicks; Perner, in Novák & Perner: 16, 42. 
1940  Phacops llanvirensis (sic) Hicks; Delo: 12. 

1958 Ormathops? llanvirnensis (Hicks) Struve: 183. 

1958  *Phacops' llanvirnensis Hicks: Struve: 184. 

1960 Ormathops nicholsoni (Salter); Whittard: 128 pars; pl. 16, fig. 7 [non fig. 6, = O. nicholsoni]. 
1960 Ormathops llanvirnensis (Hicks); Whittard: 130; pl. 16, figs 8, 9. 
1971 Ormathops llanvirnensis (Hicks); Clarkson: 52. 


LECTOTYPE. Here selected: SM A45155, complete internal mould; figured Hicks 1875: pl. 9, fig. 
4 and Whittard 1960: pl. 16, fig. 9. 


TYPE LOCALITY AND HORIZON. Llanvirn, D. artus Biozone; Llanvirn Quarry, Dyfed. 


MATERIAL. Hicks' other syntype, BGS GSM35238, is from the type locality, from which several 
further badly preserved specimens have been found. The species occurs sporadically in the 
Fennian, D. levigena Biozone, Llanfallteg Formation at Llanfallteg, locs 52A, B, P-S (It.19002- 
3; NMW 33.189.G15), and more frequently in the early Llanvirn Llanfallteg Formation at 
Llanfallteg, loc. 52 (NMW 84.17G.185); Long Plantation Cutting, Scolton, loc. 55 (NM W 
84.17G.186); in Cefn-farchen farmyard, Llanfallteg (BGS Pr2029/30, Pr2031); at Cefn-maen- 
llwyd, Rhyd-y-wrách, loc. 50 (NMW 84.17G.187); the Whitland district (NMW 33.189.G115); 
Castell-gorfod mill, north of St Clears (NMW 33.189.G150); and in D. ‘bifidus’ shales, Afon 
Breinant, c. 2km east of Llandeilo (BGS TCC414, TCC432). 


DIAGNOSIS. Ormathops with preocular suture a little distant from anterolateral corner of gla- 
bella; with tiny eye of c. 12-15 lenses on a narrow lozenge of cheek defined by suture running 
in front of shallow palpebral furrow; 3P furrow shallow, sigmoidal; pygidium subparabolic 
with 8-9 axial rings and 6 pairs of pleural ribs with deep, narrow interpleural furrows; sculp- 
ture like O. nicholsoni. 


DESCRIPTION. This species is very similar in general morphology to O. nicholsoni. Its glabella 
can be distinguished in being proportionately narrower (tr.) across 1P lobes, in expanding more 
rapidly forwards from a point further backwards and in having 3P furrow much shallower than 
1 P and 2P. The palpebral furrow is much shallower, and cannot be detected on badly preserved 
specimens. This is in constrast to O. nicholsoni where it can almost always be seen, even, for 
example, in the badly preserved lectotype (Whittard: 1960; pl. 16, fig. 6). There is a tiny eye 
composed of 12-15 lenses. 

The pygidium is subparabolic and has a proportionately narrower axis, and wider pleural 
areas with deeper pleural furrows. 


REMARKS. Although often quoted, O. llanvirnensis has been known only from badly preserved 
material from Llanvirn quarry, and Whittard (1960: 130) was uncertain whether it was synony- 
mous with O. nicholsoni. Better material from old collections in the BGS and National Museum 
of Wales, apparently unknown to Whittard, as well as further material collected by us, now 
allows better understanding of this species, which can certainly be distinguished from O. nichol- 
soni as well as from other Ormathops. O. alata Whittard (1960: 131; pl. 16, fig. 10), based upon a 
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Fig. 103 Ormathops llanvirnensis (Hicks 1875). Llanfallteg Formation, uppermost Arenig, Fennian 
Stage, D. levigena Biozone (b, f) or basal Llanvirn, D. artus Biozone (others). a, well-preserved 
cephalon showing sculpture, latex cast from external mould, Whitland, x 3:5, NMW 33.189.G115; 
b, cephalon preserving original relief, and showing course of suture in front of glabella, loc. 52P, x 4, 
It.19002; c, incomplete cephalon, Cefn-farchen (Geological Survey loc. Pem. 24SE E415), x 3, BGS 
Pr2031; d, incomplete cephalon, locality as Fig. 103c, latex cast from external mould showing eye, 
x 3, and g, detail of eye of same specimen showing lenses, x 8, BGS Pr2030; e, thorax and pygidium, 
Castell-gorfod mill, north of St Clears, x 1:5, NMW 33.189.G150; f, moult arrangement of displaced 
cephalon, thorax and pygidium, loc. 52T, Llanfallteg, x 3, 1t.19003. 


single small cephalon from the Hope Shales, seems to be distinct from both O. llanvirnensis and 
O. nicholsoni; from the latter it can be distinguished in lacking a palpebral furrow and in having 
a straight 3P furrow, and from the former in having a deep, straight 3P furrow. It cannot be 
excluded, however, that O. alata may be simply an immature O. llanvirnensis; we lack compara- 
tive material of a similar size. 
Family ODONTOPLEURIDAE Burmeister 1843 
Genus SELENOPELTIS Hawle & Corda 1847 
TYPE SPECIES. Odontopleura buchii Barrande 1846, by monotypy. 


DIAGNOSIS. See Bruton, in Bruton & Henry (1978: 894). 
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Selenopeltis buchi buchi (Barrande 1846) 
(Fig. 104) 


(For synonymy see Whittard 19615: 197—198). 


LECTOTYPE (selected Van Ingen 1901). National Museum, Prague, IT 700, CD 714; original of 
Barrande (1852: pl. 37, fig. 25) and refigured Pribyl & Vanék (1973: pl. 1, fig. 1). 


TvPE LOCALITY AND HORIZON. Letná Formation, Caradoc; Bohemia. 


OCCURRENCE IN WALES. Early Llanvirn Llanfallteg Formation (D. artus Biozone); Rhyd-y- 
wrách, loc. 50. 


FIGURED MATERIAL. Thorax and pygidium, 1t.19703. 


Discussion. The taxonomy of S. buchi has received a great deal of attention (Whittard 1961}; 
Dean 1964; Bruton 1968; Přibyl & Vaněk 1973; Bruton & Henry 1978) and we have nothing 
new to add here. We follow Bruton (in Bruton & Henry 1978) in using the familiar name buchi 
rather than inermis Beyrich as recommended by Whittard (19615). But we regard macro- 
phthalma Kloucek as a subspecies of buchi rather than a separate species, because 'the only 
reliable criterion’ (Bruton & Henry 1978: 896) for distinguishing the two is a difference in 
surface sculpture. The pygidial pleural fields of buchi buchi are coarsely tuberculate, while fine 
granulation is generally distributed over the exoskeleton of macrophthalma. The lectotype of 
inermis (Přibyl & Vaněk 1973: pl. 3, fig. 2) has coarsely rugose pygidial pleural fields and this 
may provide a criterion for recognizing this taxon. 

A fine thorax and pygidium from the earliest Llanvirn of south Wales has coarse tubercles on 
the axial rings and on the pygidial pleural fields; it is the typical subspecies buchi in Bruton's 
sense. The lectotype of buchi does not show any details on the axis, but does show tuberculate 
free cheeks, which is the sculptural type associated with buchi on other examples. The figure of 
the fine specimen in Horny & Bastl (1970: pl. 19, fig. 1), as the subspecies buchi, was reproduced 
by Pribyl & Vanék (1973) as the subspecies inermis; in sculptural type it is certainly like buchi, 
sensu Bruton (in Bruton & Henry 1978) and Whittard (19615). The thoracic axis, however, is 
not tuberculate as it is on the Welsh material. 


Fig. 104 Selenopeltis buchi buchi (Barrande 1846). Early Llanvirn, D. artus Biozone, Llanfallteg 
Formation, loc. 50, Cefn-maen-llwyd, cast of external mould (base of cranidium, thorax and 
pygidium showing tuberculation), x 3, It.19703. 
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Selenopeltis buchi macrophthalma (Kloucek 1916) 
(Fig. 105) 


(For synonymy see Bruton 1968: 65. Also Bruton, in Bruton & Henry 1978: 895-896; pl. 1, figs 2, 3, 5, 7). 


LECTOTYPE (selected Prantl & Přibyl, 1949b, as ‘holotype’). National Museum, Prague, L 843; 
figured Bruton (1968: pl. 11, fig. 13). Sárka Formation, Llanvirn, Bohemia. 


OCCURRENCE IN WALES. The earliest occurrence of S. buchi macrophthalma 1s in the late Arenig 
(Fennian, biozone of Bergamia rushtoni), type locality of the Pontyfenni Formation; it is also 
recorded from the latest Arenig (biozone of Dionide levigena) and the earliest Llanvirn (D. artus 
Biozone) of the Llanfallteg Formation, type section, and at Scolton. Whittard (1961b) records 
two Llanvirn occurrences in Dyfed, at Abergwili and St Clear's. 


MATERIAL. More or less complete exoskeletons: 1t.19704, 1t.19710, NMW 84.12G.24; crani- 
dium and pygidium: 1t.19705; also 1t.19547a, b, NMW 84.17G.90. 


DISCUSSION. As noted above, the difference between buchi buchi and buchi macrophthalma is a 
sculptural one, and most reliably determined on the pygidium. A series of specimens from the 
Pontyfenni Formation shows the fine granulation typical of the subspecies macrophthalma, and 
there is no difference between these specimens and one from the early Llanvirn. Whittard 
(1961b) also drew attention to the more rapid backward curvature of the pygidial pleural ribs 
on buchi buchi compared with buchi macrophthalma; in effect the ribs on macrophthalma run out 
horizontally for a short distance before commencing their backward curve. Whether this subtle 
difference is consistent is difficult to say on the basis of a few specimens, but it does apply to the 
material we have collected (compare Fig. 104 with Fig. 105). Whittard reported macrophthalma 
from the Shelve Church Beds, which we would regard as probably equivalent in age to the 
Pontyfenni specimens. 

There may prove to be a gradualistic series macrophthalma-buchi-inermis, but it will require 
a great deal of material to demonstrate it. At the moment the evidence supports the appearance 
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Fig. 105  Selenopeltis buchi macrophthalma (Klouček 1916). Upper Arenig, Fennian, B. rushtoni 


Biozone, loc. 23, Pontyfenni, cast from incomplete dorsal exoskeleton, x 2, 1t.19704; note lack of 
tuberculate sculpture and gently curved pygidial pleural ribs. 
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of the tuberculate buchi subspecies at the Arenig/Llanvirn boundary, which is of considerable 
stratigraphical interest. 

No cranidium from south Wales shows evidence of the occipital spines which are found on 
Selenopeltis gallica Bruton and binodosa Dean. 


Systematic descriptions: Graptoloids 
by R. A. Fortey 


We have not attempted to describe the dendroid graptolites in this work. Some of these were 
described by Bulman (1927) but there are many more species which would repay the attention 
of a systematist. As far as the graptoloids are concerned, Jenkins (1982) has more recently 
described the isograptids from Wales and this work does not require repetition here. Termin- 
ology follows that of Bulman (1970) with modifications introduced by Cooper & Fortey (1982). 
Frequent use is made of the stipe expansion diagrams employed by Cooper & Fortey, and 
thecal spacing is computed according to the method of Howe (1983), as well as the usual 'th in 
10mm’. 

Stipe characters such as width, thecal inclination and overlap are customarily used in the 
definition of dichograptid species. Fortey (1983) showed that these are not truly independent 
characters, and that their interrelationships could be described geometrically. The characters 
used here are shown on Fig. 106. For partially flattened rhabdosomes the most accurately 
measured characters are: W, the stipe width; d, the thecal spacing; 0, thecal inclination and ¢, 
the apertural angle. These effectively define the thecal length and width, as well as thecal 
overlap, for reasons of geometry alone. Stipe width, reflecting continued thecal growth, is 
clearly variable within single species. Thecal spacing tends to vary within at most 3-4 thecae 
per 10 mm on distal stipes. 


“~~. 9p * 8d Fig. 106 Parameters used in the description of 
in dichograptid stipes, modified from  Fortey 
(1983). Thecal inclination can be divided into 
proximal, Op, and distal, 0d ; thecal spacing (d) is 
measured between apertural denticles, and a 5d 
measurement between th 10 and th 15 is also 
used as a standard; the usual thecal spacing of 

authors is the number of `d in 10mm in the 

=== = = = distal stipes. 
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Order GRAPTOLOIDEA Lapworth 1875 
Family DICHOGRAPTIDAE Lapworth 1873 
Subfamily DICHOGRAPTINAE Lapworth 1873 
Genus TETRAGRAPTUS Salter 1863 


TYPE SPECIES. Fucoides serra Brongniart 1828. The type specimen was located and type species 
redescribed by Cooper & Fortey (1982). T. serra occurs in the Penmaen Dewi Formation 
(Whitlandian) of Pwlluog, and is recorded on the range chart (p. 86). 


Subgenus TETRAGRAPTUS Salter 1865 


DIAGNOSIS. See Cooper & Fortey, 1982: 190. The subgenus Tetragraptus (Tetragraptus) is used 
for those tetragraptids with reclined stipes, and development like that of T. (Tetragraptus) 
serra. 
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Tetragraptus (Tetragraptus) bigsbyi askerensis Monsen 1937 
(Figs 107a, b) 


1937  Tetragraptus bigsbyi var. askerensis Monsen: 172-173; pl. 4, figs 15, 16; pl. 5, fig. 35; pl. 13, figs 5, 
6; pl. 19, figs 4, 6, 9. 


HororvPr. Palaeontological Museum, Oslo, K 0679; from the Lower Didymograptus Shale, 
Phyllograptus angustifolius elongatus Biozone (late Arenig); Slemmestad, Norway. 


DIAGNOSIS. See Monsen, 1937: 172. 


OCCURRENCE IN SOUTH WALES. Upper Arenig, Fennian, Bergamia rushtoni Biozone at loc. 24, 
Llwyn-crwn. 


MATERIAL. Q5798; NMW 33.189.G205. 


DisCUSSION. The lectotype of T. bigsbyi bigsbyi (Hall 1865) was figured by Skevington (1965), 
who discriminated this species from other reclined tetragraptids by its very steeply recurved 
stipes, producing a deeply U-shaped profile. The type is from a possible late mid-Arenig 
horizon at Lévis, Quebec (Skevington 1965: 5). Elsewhere T. bigsbyi bigsbyi is recorded from 
the early Arenig (Cooper 1979; Cooper & Fortey 1982) to the uppermost Arenig (Skevington 
1965). Monsen (1937) distinguished several ‘varieties’ which are available for subspecific names. 
The stipes of the type and other fully grown specimens of T. bigsbyi bigsbyi are at least 2-5 mm, 
and usually more than 3mm, wide at th 7-8. Monsen (1937) described ‘var.’ askerensis from the 
late Arenig of Norway, with narrower stipes; there 1s no doubt that these include mature 
specimens, because her pl. 9, figs 4, 6, 9 are actually larger than most specimens of T. bigsbyi 
bigsbyi. Stipe width is not usually a good specific character, but it may vary at population level 
from one closely related taxon to another. Monsen's population includes at least twelve speci- 
mens. These may prove to be population variants of T. bigsbyi bigsbyi, or may represent a 
separate subspecific group. Because two specimens from south Wales also have stipes less than 
2mm wide, and are of the same age as Monsen's askerensis, the latter explanation is tentatively 
adopted here, and the name askerensis is used as a subspecies. 


Fig. 107  Tetragraptus (Tetragraptus) bigsbyi askerensis Monsen 1937. Upper Arenig, Fennian, B. 
rushtoni Biozone, loc. 24. a-b, stipe pair, flattened, x 5, Q5798; a beneath alcohol, b in reflected light. 


Tetragraptus (Tetragraptus) reclinatus reclinatus Elles & Wood 1902 
(Fig. 108) 

1902  Tetragraptus reclinatus Elles & Wood: 67, fig. 41; pl. 6, figs Sa-e. 

1909  Tetragraptus serra (Brongniart); Cantrill, in Strahan et al.: 20. 

1982 Tetragraptus (Tetragraptus) reclinatus reclinatus Elles & Wood; Cooper & Fortey: 203-205, figs 

24, 25. 

LECTOTYPE. Q18, selected Cooper & Fortey (1982). This is the original of Elles & Wood, 1902: 
pl. 6, fig. 5c (and not fig. 5e as stated by Cooper & Fortey 1982). 
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Fennian, B. rushtoni Biozone, Pontyfenni Formation, loc. 23, specimen preserved in partial relief, 
under alcohol x 3, Q5799. 


TYPE LOCALITY AND HORIZON. Randel Crag, Lake District, probably gibberulus Biozone. 


OCCURRENCE IN SOUTH WALES. Upper Arenig, Fennian, Bergamia rushtoni Biozone, Pontyfenni 
Formation, at loc. 23. 


MATERIAL. (05799. 


DISCUSSION. The species was discussed in detail by Cooper & Fortey (1982) and further 
comment is not required here. Specimens from the Pontyfenni Formation are mostly too poor 
for subspecific determination, but the specimen figured preserves true stipe profiles, showing the 
gentle reclination characteristic of the species: Maximum stipe width on this specimen is 
2-5 mm, slightly wider than the lectotype (Cooper & Fortey 1982: 209), but still narrower than 
T. serra. T. reclinatus toernquisti Monsen is narrower than T. reclinatus reclinatus, and the 
south Wales specimen is accordingly placed in the latter subspecies. 


Tetragraptus (Tetragraptus) reclinatus abbreviatus Boucek 1956 
(Fig. 109) 
1956  Tetragraptus (Tetragraptus) reclinatus abbreviatus Bouček: 26; pl. 1, figs 2, 3; text-fig. 8a-d. 
1973  Tetragraptus reclinatus abbreviatus Bouéek; Bouček: 22-23; pl. 2, figs 5-7; text-fig. 3a-d. 
1977  Tetragraptus cf. pseudobigsbyi Skevington; Kraft: 12-13 pars; pl. 5, fig. 2; pl. 6, figs 1, 2, 4 [non pl. 
6, fig. 3]. 
1982  Tetragraptus reclinatus abbreviatus Boucek; Cooper & Fortey: 206—207, fig. 27. 


HoLoTYPE. National Museum, Prague, L7607. 


TYPE LOCALITY AND HORIZON. Klabava Formation, Rokycany, Bohemia; upper Arenig, Tetra- 
graptus reclinatus abbreviatus Biozone. 


OCCURRENCE IN SOUTH WALES. Upper Arenig, Fennian, Bergamia rushtoni Biozone. Pontyfenni 
Formation, loc. 23. 


MATERIAL. (5801. 


DISCUSSION. This subspecies was described from quite good, although flattened, material by 
Bouček, 1973. Kraft (1973) regarded the taxon as inadequately characterized and referred 
Boucek's material to T. cf. pseudobigsbyi Skevington, 1965, figuring additional Bohemian speci- 
mens. Cooper & Fortey (1982) recognized both T. pseudobigsbyi and T. reclinatus abbreviatus 


Fig. 109  Tetragraptus (Tetragraptus) reclinatus 
abbreviatus Bouček 1956. Upper Arenig, 
Fennian, B. rushtoni Biozone, Pontyfenni For- 
mation, loc. 23, x 6, Q5801. 
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from Spitsbergen. The most important difference between these taxa is the deeply excavated 
thecal apertures of T. reclinatus abbreviatus, which cut back for a third or more of the total 
stipe width, and the ventrally projecting part of the sicula in this species, which forms a large 
‘tooth’ on a line with the tips of th 1! and th 17. On T. pseudobigsbyi, as in T. serra and T. 
reclinatus reclinatus, the sicula lip is relatively inconspicuous compared with those of the first 
two thecae, and the apertural excavations are a quarter or less of the stipe width. These 
differences do seem worth recognizing taxonomically. The material recorded by Skevington 
(1965) as T. cf. pseudobigsbyi (late Arenig, Sweden) is like T. reclinatus abbreviatus in thecal 
characters. Whether any of Monsen's (1937) ‘varieties’ of T. bigsbyi are relevant for comparison 
is not yet known. lt may prove that the subspecies askerensis—which is separated here—is the 
senior name for abbreviatus, because its proximal end characters (e.g. Monsen 1937: pl. 19, 
fig. 9) are apparently similar. None of the specimens illustrated by Bouček (1973) or Kraft 
(1977), however, have the deeply recurved stipes usually taken to characterize T. bigsbyi. 


Genus DIDYMOGRAPTUS M'Coy 1851 


Cooper & Fortey (1982) divided the old form genus Didymograptus into a number of subgenera, 
and attempted to define each one as a monophyletic group. This is the procedure which we 
follow here. It is not without attendant difficulties, because the definition of phylogenetically 
based subgenera requires a knowledge of proximal end structure of the type species of each. 
These subgenera arose by the elevation by various authors of Elles & Wood's (1901) informal 
subdivisions based on gross rhabdosomal form, and there is no certainty that developmental 
details will be known for the nominated type species, or even that they will have well-preserved 
proximal ends. 


Subgenus DIDYMOGRAPTUS M'Coy 1851 
TYPE SPECIES. Graptolithus murchisoni Beck 1839. 


DIAGNOSIS. Subgenus of Didymograptus with pendent stipes. Proximal end shows a long and 
narrow sicula with low origin of th 1!. 


Discussion. Cooper & Fortey (1982) distinguished two subgenera of pendent Didymograptus: 
Didymograptus s.s. and Didymograptellus, type species D. bifidus (Hall). On the latter they 
demonstrated isograptid development, which is primitive for the graptoloids as a whole. Th 1! 
has an origin high on the sicula, and the two grow downwards side by side before beginning 
further thecal budding, which is typically isograptid. Where it is known, most Arenig pendent 
Didymograptus have such development, and are to be referred to Didymograptus 
(Didymograptellus). Another type of proximal end development, termed the artus type—to 
replace the so-called bifidus type of Bulman, 1936 (see Cooper & Fortey 1982: 172; 1983: 
206)—has the th 1! dicalycal. At the time of publication of Cooper & Fortey (1982) proximal 
end descriptions of Llanvirn pendents suggested that the artus type may have been the rule for 
these, and this was incorporated into the diagnosis of Didymograptus (Didymograptus). Since 
that time Jenkins (1983) has described D. pluto partly from relief material of Llanvirn age; this 
species has isograptid development like that previously described in D. minutus. Strachan & 
Khashogji (1984) have redescribed the type slab from Builth with D. murchisoni on which the 
concept of Didymograptus (Didymograptus) has to be founded. Cooper & Fortey (1982) noted 
that this slab does not include specimens good enough to be sure of development type and used 
indirect evidence to infer that artus development was likely. However, Strachan & Khashogji 
(1984) have since figured a specimen from Shelve, claimed to be conspecific with murchisoni, 
with an isograptid arch and hence an isograptid development. Unequivocal artus development 
is known from other Llanvirn pendents (summary in Cooper & Fortey 1983). 

It is clear from the foregoing that both a form of isograptid development and artus develop- 
ment occur in Llanvirn pendent didymograptids, and that it is often impossible, from flattened 
material, to be sure which pertains. For the definition of Didymograptus (Didymograptus) it is 
therefore preferable to have some character which will distinguish it from Didymograptus 
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(Didymograptellus) without recourse to finer details of branching which are not visible from the 
types of established species. Even the identification of D. murchisoni from Shelve (by Strachan & 
Khashogji, 1984) or Abereiddi Bay (by Jenkins, 1982) is itself an inference. Jenkins claims artus 
development type for murchisoni, while Strachan & Khashogji claim isograptid development 
type for the same species. However, a character present on type murchisoni and other Llanvirn 
pendents is a low metasicular origin of th 1'. We here diagnose Didymograptus (Didymograptus) 
to emphasize this character. The typical sicula is as shown by Jenkins (1983: text-fig. 2) or 
Fig. 112 herein: a long, narrow cone enclosing an angle of only 10°-15°. The side-by-side 
arrangement of the sicula and th 1! in Didymograptus (Didymograptellus) produces a broader 
cone projecting above the stipes and enclosing an angle of about 30°. This difference can be 
made out on many flattened specimens; it therefore affords a practicable way of discriminating 
Didymograptus (Didymograptus) from Did ymograptus (Did ymograptellus). 


Didymograptus (Didymograptus) spinulosus Perner 1895 
(Figs 110, 111, 112a) 


1895  Didymograptus spinulosus Perner: 22; pl. 5, figs 9, 10. 
?1895  Didymograptus bifidus var. incertus Perner: 23; pl. 5, figs 5, 6, 8; pl. 6, fig. 2. 
71901  Didymograptus stabilis Elles & Wood: 49; pl. 4, fig. 2. 

1932  Didymograptus spinulosus Perner; Bouček: text-fig. 3A. 

1973 Didymograptus spinulosus Perner; Bouček: 88-90; pl. 13, figs 1—4; text-fig. 27. 
21973 Didymograptus incertus Perner; Bouček: 91-93; pl. 13, fig. 5; text-fig. 28. 

1973  Didymograptus cf. acutus Ekstrom; Skevington: 45—46; pl. 8, fig. 2. 

1983  Didymograptus pluto Jenkins: 642-647, text-figs 2-4 (? part only). 


HoLoTYPE. National Museum, Prague NM-L 7564. The only original specimen, according to 
Bouček (1973: 89). 


TYPE HORIZON AND LOCALITY. Lower Llanvirn, Sarka Formation, Corymbograptus retroflexus 
Biozone; village of Osek, Bohemia. 


OCCURRENCE IN SOUTH WALES. Llanfallteg Formation, early Llanvirn part; loc. 52, Llanfallteg 
railway cutting, loc. 50, Cefn-maen-llwyd and loc. 55, Scolton. 


MATERIAL. Q5161, Q5163, and distal stipe fragments. 


DISCUSSION. Cooper & Fortey (1982) and Jenkins (1983) emphasized the importance of proxi- 
mal end structure in interpreting pendent didymograptids, which are probably the most diffi- 
cult group of dichograptids to determine specifically. Variation within populations is also 
important; the opposite extremes in approach to variation are illustrated by the work of 
Jenkins (1983), who treated all specimens from one horizon as part of a single species, and that 
of Mu et al. (1979), who adopted a typological approach. It is clear, however, that the number 
of named species must be excessive, given the few specific characters available. 

The earliest abundant pendent didymograptids in south Wales appear within the Llanfallteg 
Formation at what we have taken as the Arenig-Llanvirn boundary. A well-preserved proximal 
end (Fig. 112a) shows what is interpreted as an isograptid arch; it appears to be identical to 
that figured by Jenkins (1983: text-fig. 2)—that is, it shows isograptid development type. The 
low origin of th 1! and the narrow sicula 2 mm in length are clearly shown on this specimen, 
which conforms to Didymograptus (Did ymograptus) as diagnosed herein. Stipe width at th 1 is 
0-5—0-6 mm; the stipe expansion curve (Fig. 111) shows rapid proximal expansion over the first 
ten thecae or so, while the curve flattens distally so that there is little or no distal increase, at a 
final width of 1-4-1-8 mm. Thecal spacing distally is 14-16 thecae in a 10mm section of stipe. 
Distal stipes are parallel to slightly divergent, and no taxonomic importance is attached to final 
stipe attitude. 

The description just given precisely matches that of the holotype of D. pluto Jenkins 1983, 
from the Great Paxton borehole. This specimen is the right-hand one photographed by 
Skevington (1973: pl. 8, fig. 2); the specimen number referred to by Jenkins (1983: 643) is BGS 
By8204. This, in the Geological Survey catalogue, is a bivalve, Redonia, and this quoted 
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Fig. 110  Didymograptus (Didymograptus) spinulosus Perner 1895. a, early Llanvirn, D. artus Biozone, 
Llanfallteg Formation, loc. 55, whole rhabdosome, x 4, Q5163; b, Lower Llanvirn, cast of holotype, 
C. retroflexus Biozone, Sárka Formation, Osek, Bohemia, x 4, Nat. Mus. Prague NM-L 7564 (cast 
supplied by Dr R. Prokop); c, as last, latex cast of proximal end (showing probable isograptid 
development in obverse view, sicula incomplete), x 15, Nat. Mus. Prague NM-L 7562, specimen 
figured by Bouček (1973: pl. 13, fig. 1). 


number is clearly an error for By8205— which is the specimen number for Skevington's figured 
slab. Fig. 111 shows the identical stipe expansion diagrams for one of the fully grown specimens 
from the Llanfallteg Formation and the holotype of D. pluto. However, the description also 
matches the type specimen of D. spinulosus Perner 1895 from the early Llanvirn 
Corymbograptus retroflexus Biozone of Bohemia; the stipe expansion diagrams completely 
overlap. Furthermore, Bouček (1973: pl. 13, fig. 1, lower left; Fig. 110c herein) has figured a 
specimen in relief which shows a good isograptid arch in obverse view, and another (ibid., fig. 4) 
which shows a narrow sicula. On the basis of comparison with these specimens we are obliged 
to refer the Llanfallteg material, and D. pluto, to the senior species D. spinulosus Perner, a form 
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10 20 30 
Fig. 111 Stipe expansion diagram for the type of D. spinulosus Perner 1895, the type of D. pluto 


Jenkins 1983, and the specimen of D. spinulosus shown on Fig. 110a, showing coincidence of growth 
curves. 


which was not considered by Jenkins when he listed comparisons with D. pluto. Given the other 
similarities of British and Bohemian faunas, both among graptolites and trilobites, it is not 
surprising to find that there are similarities among the pendent didymograptids. 

Although the type-for-type comparisons are straightforward, there are problems when whole 
populations are considered. Jenkins (1983: 645) included àn extremely wide range of variation 
in D. pluto, reflecting ‘successive populations of one slowly evolving species’. This included not 
only variation in distal stipe width, which is common in dichograptoids, but also very wide 
ranges in thecal spacing, sicula length, and so on. The variation was sufficient to encompass 
perhaps the majority of other described pendents. Probably the most surprising aspect of such 
variation was the inclusion within the same species of forms with distally uniform stipes like the 
holotype, and those with more-or-less slow, continuous increase in stipe width throughout the 
rhabdosome (e.g. Jenkins 1983: text-fig. 3k, u). This difference was originally used by Elles & 
Wood (1901: 37, 45) to discriminate ‘species groups’ within the pendent didymograptids. In my 
experience the shape of the stipe expansion is constant within a dichograptid species, even when 
distal characters, especially stipe width, are variable. Stipe growth patterns are discernible on 
most specimens, other than those gerontomorphic ones in which the proximal end has become 
enveloped within a covering of periderm. A continuous increase in stipe width is supposedly 
characteristic of the Llanvirn forms referred by Elles & Wood to D. bifidus Hall, which are now 
known (Cooper & Fortey 1982) to be unrelated to Hall's species which is of Arenig age and has 
a different proximal end development. Perner (1895) named several other species from the same 
horizon as D. spinulosus: D. oligotheca, D. barrandei, D. bifidus incertus. If D. spinulosus were as 
variable as Jenkins’ description of D. ‘pluto’, some, if not all, of these ‘species’ would be included 
together, and the choice of D. spinulosus as a name would become arbitrary. Bouček (1973: fig. 
28b) figured what appears to be artus development on D. incertus (to which he gave specific 
recognition), and if this is substantiated it will be different enough from spinulosus to exclude it 
from consideration. Several British species, such as D. stabilis Elles & Wood, and some of the 
Llanvirn D. 'bifidus, would possibly be included within D. spinulosus, even allowing moderate 
intraspecific variation, although the proximal structure of the specimens used by Elles & Wood 
is not clear. 

The nomenclatorial situation is highly complicated, and best resolved in the context of a 
review of the pendent didymograptids as a whole, which is beyond the scope of this work. As 
long as we adhere to the Rules of Zoological Nomenclature the Bohemian species of Perner, 
1895, revised by Bouček (1973), cannot be ignored. They have the advantage that they antedate 
the subsequent proliferation of names. It seems likely that the proximal end structure with low 
sicular origin of th 1! and isograptid development is widespread in Llanvirn pendents (see also 
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Strachan & Khashogji 1984), although how many ‘species’ it applies to is not resolved. If 
Jenkins' (1983) wide degree of intraspecific variation is accepted, spinulosus will acquire several 
synonyms. However, such characters as the shape of the stipe expansion diagram may prove 
important in discrimination of species, and multivariate statistical treatment of pendents may 
help in the recognition of species with overlapping ranges of variation. For example, the range 
of 11 to 25 distal thecae in 10mm shown by Jenkins (1983: text-fig. 1) is extraordinarily large 
for a single species, but could be produced by overlap of two or more normal curves of lesser 
span. In any case, we cannot apply any name other than D. spinulosus Perner to these early 
Llanvirn pendents from the Llanfallteg Formation. 


Didymograptus (Didymograptus) artus Elles & Wood 1901 
(Figs 112b-d, 113) 


1901  Didymograptus (Didymograptus) artus Elles & Wood: 48-49, fig. 30; pl. 4, figs 6a-d. 

1931 Didymograptus artus Elles & Wood; Bulman: 31, text-fig. 9. 

1932  Didymograptus artus Elles & Wood; Bouček: 128, text-fig. 3d- f. 

1947 Didymograptus artus Elles & Wood (pars); Ruedemann: 326—327; pl. 54, figs 3-7, 9 [non figs 8, 10]. 
1967  Didymograptus artus Elles & Wood; Skwarko: 171-190; pls 21-23. 

1973  Didymograptus artus Elles & Wood; Boucek: 85-87, fig. 26e-g; pl. 15, fig. 7. 

1976  Didymograptus artus Elles & Wood; Legg: 28; pl. 9, figs 1—6. 

1979  Didymograptus cf. artus Elles & Wood; Mu et al.: 64; pl. 21, fig. 2. 


HoLoTYPE. SM A17772, as specified by Elles & Wood (1901: 49). 
TYPE LOCALITY AND HORIZON. Early Llanvirn; Thornship Beck, Shap, Cumbria. 


OCCURRENCE IN SOUTH WALES. Llanfallteg Formation, the first pendent to appear at the 
Arenig-Llanvirn boundary. On type section, loc. 52, and at loc. 50, Cefn-maen-llwyd. Elles & 
Wood figured the species from Ramsey Island, and if some of the D. ‘bifidus’ prove to be 
intraspecific variants, it occurs also at Llanvirn quarry. 


DIAGNOSIS. Didymograptus (Didymograptus) with th 1! dicalycal; sicula slender, 1-3-1:6mm 
long; stipes 0-4-0-6 mm wide at th 1, expanding gradually to a width of 1-2-1:6mm at about 
th 20 and almost constant thereafter. Thecal spacing typically dense, 18 in 10mm distally or 
more, although specimens with 15-17 per 10mm may prove to belong in the species. Distal 
stipe characters: 0 40°-55°, ó acute, 307-45". 


c d 


a 


Fig. 112 a, Didymograptus (Didymograptus) spinulosus Perner 1895, early Llanvirn, D. artus Biozone, 
Llanfallteg Formation, loc. 52, 18m above first appearance of pendent graptoloids, proximal end 
showing isograptid arch, x 10, Q5161. b-d, Didymograptus (Didymograptus) artus Elles & Wood 
1901, early Llanvirn, D. artus Biozone; b, loc. 52, basal bed of Llanvirn, proximal end, x 10, Q5165; 
c, loc. 50, x 3, Q5166; d, loc. 52, x 3, Q5164. 
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MATERIAL. Q5162, Q5164-6, NMW $84.17G.91-3. Specimens with looser thecal spacing, 
Q6167-8. 


DISCUSSION. Material from the type locality is not well preserved, and none we have examined 
shows the proximal end characters. However, the very dense thecal spacing is unusual enough 
to make it probable that Skwarko (1967) was correct in identifying his perfectly preserved 
specimens with D. artus, and which has th 1! dicalycal. A proximal end from the Llanfallteg 
Formation (Fig. 112b) also shows a dicalycal th 1!, and the length of the sicula and narrow 
proximal stipe width compare with the type of D. artus and with Skwarko's specimens. Distal 
stipes such as Q5164 show the dense distal thecal spacing (18-20 in 10mm) which Elles & 
Wood considered diagnostic of the species. Such specimens can be referred to D. artus con- 
fidently. Specimens from the Llanfallteg Formation have the stipes distally slightly divergent. 
The sicula size is smaller than on D. (D.) spinulosus, well under 2 mm on our specimens, but 
there are not enough specimens to be certain there was no intraspecific variation. However, 
other descriptions of D. artus agree on the small size of the sicula; the smallest measurement 
given is 1-2mm by Bulman (1931). 

As was discussed for D. (D.) spinulosus above, problems become apparent when larger popu- 
lations are considered. For example, specimens from the Llanfallteg Formation, loc. 50, have 
thecal spacing as low as 15 per 10mm in distal stipes (Q5137). These may well prove to be part 
of the population of D. artus—but proximal end preservation is not good enough to show the 
mode of development. Legg (1976) included specimens from Western Australia with thecal 
spacing of 16-17 per 10mm within a population of D. artus; similar specimens from the Lake 
District were figured by Skevington (1970: figs 83, f). Such variation opens up the possibility 
that former south Welsh records of D. stabilis (as at Lampeter Velfrey, Cantrill in Strahan et al. 
1914: 26), and D. cf. bifidus, refer to population variants of D. artus. Further there are 
(?distorted) specimens from the type locality at Thornship Beck (e.g. H2739) with the dense 
thecal spacing of D. artus, but distal stipe width reaching more than 2mm —like D. ‘bifidus’ 
from Llanvirn Quarry. The range of variation within D. artus obviously needs further clari- 
fication, and may even extend to include some of the British ‘bifidus although presumably not 
those with larger siculae. In the mean time, it does seem to be correct to refer those narrower 
specimens with dense thecal spacing, a small sicula, and dicalycal th 1! to D. artus, sensu stricto. 
Slightly more slender forms from China have been referred to D. changningensis Ni (in Mu et 
al., 1979). 

Because it is a widespread species D. artus is regarded as the most suitable zonal index to 
replace D. ‘bifidus’ (non Hall) as the nominate species for the basal biozone of the Llanvirn. 


2 


th Fig. 113 Stipe expansion diagram for two typical 
10 20 30 examples of D. artus from south Wales. 


Subgenus DIDYMOGRAPTELLUS Cooper & Fortey 1982 
TYPE SPECIES. Graptolithus bifidus Hall 1865, by original designation. 


DIAGNOSIS. Subgenus of Didymograptus with pendent habit; th 1! originates high on sicula, and 
the two grow together to form a pair. Development of isograptid type. 
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Didymograptus (Didymograptellus) sp. 
(Fig. 114) 


OCCURRENCE. Fennian, Bergamia rushtoni Biozone, Pontyfenni Formation; loc. 23, Pontyfenni. 
MATERIAL. One specimen, Q5170. 


DISCUSSION. This incomplete specimen is worth noting as a rare example of a pendent didy- 
mograptid from below the Llanvirn in Wales. It is not possible to determine it on the basis of 
so little material, and because the proximal part is not well preserved. It does, however, 
apparently show a high origin of th 1! and is therefore to be assigned to Didymograptellus. The 
sicula is only about 1 mm long, but may not be preserved distally; stipes expand to 1 mm in 
width; three thecae in 2mm at the distal end indicate a probable mature thecal spacing of 
14-15 in 10 mm, which is like D. bifidus (Hall). Stipe width is more like that of D. protobifidoides 
Bouček 1973. Small, distorted pendent didymograptids from Aber Mawr, Ramsey Island (loc. 
62), are also late Arenig, but are not specifically determinable. 


Fig. 114 Didymograptus (Didymograptellus) sp. 
Upper Arenig (Fennian), B. rushtoni Biozone, 
Pontyfenni Formation, loc. 23, x 10, Q5170. 


Subgenus EXPANSOGRAPTUS Bouček & Přibyl 1953 
[= Extensograptus Bouček & Přibyl 1953a: 267 (presumably a mis-spelling, repeated in error by Bulman, 
1970: V104).] 


TYPE SPECIES. Graptolithus extensus Hall 1865. 


Didymograptus (Expansograptus) hirundo Salter 1863 
(Figs 115, 116, 117, 120c) 


1863  Didymograptus hirundo Salter: 137, fig. 13f. 

1870  Didymograptus patulus Hall; Nicholson: 339-341; pl. 7, fig. 1 [non text-fig. 1]. 

1898  Didymograptus patulus Hall; Elles: 504—506, figs 22-23. 

1901  Didymograptus hirundo Salter; Elles & Wood: 15-17; pl. 1, figs 5b, c [?non fig. Sa]. 
?1934  Didymograptus hirundo Salter; Hsü: 26; pl. 1, figs 8a-d. 

1936 Didymograptus hirundo Salter; Bulman (pars): text-fig. 25e [?non fig. 25f]. 

1937  Didymograptus hirundo Salter; Monsen: 120-121; pl. 15, figs 8, 12. 
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?non 1947  Didymograptus hirundo Salter; Ruedemann: 334—335; pl. 55, figs 45, 47; pl. 56, fig. 26. 
1951 Didymograptus hirundo Salter; Gigout: 277; pl. 2, fig. 6. 
1953  Didymograptus hirundo Salter; Spjeldnaes (pars): 178, text-fig. 2c, ?d [non fig. 2e ]. 
1974  Expansograptus hirundo (Salter) Tsai; 76—77; pl. 6, figs 10-14. 
1985a Didymograptus hirundo Salter; Rushton: 197-198. 


LECTOTYPE. BGS GSM6803. Salter's original listing indicates that he had two collections with 
D. hirundo to hand, and these specimens are therefore syntypes. Elles & Wood's (1901: 17) 
identification of Salter's ‘type specimen’ is therefore regarded as a lectotype designation. 


TvPE LOCALITY AND HORIZON. Skiddaw Slates, Ellen Gill, Lake District (a locality not to be 
confused with the better-known Ellergill). At or near the type locality (Rushton 1985a) there is 
a graptolite fauna which may indicate the J. gibberulus Biozone. Biserial graptolites are lacking. 
Elsewhere in the Lake District D. hirundo appears earlier than the biserial graptolites, and it is 
the abundance of these, rather than the presence of D. hirundo itself, which is the feature of the 
D. hirundo Biozone in the usage of Jackson (1962). 


OCCURRENCE IN SOUTH WALES. Fennian, B. rushtoni Biozone, Pontyfenni Formation; Llwyn- 
crwn, loc. 24, apparently below the appearance of biserial graptolites; and at Pontyfenni (loc. 
23) along with the earliest examples of biserial graptolites. True D. hirundo also occurs in the 
Tankerville Flags in Shropshire. 


MATERIAL. Q5148-9, NM W 84.17G.94—5. 


DIAGNOSIS. Didymograptus (Expansograptus) reaching large size, stipes slightly reclined. Initial 
thecal growth rapid, stipe width increasing quickly from 1-5 mm over first five thecae, but stipes 
continue to widen gradually distally to at least th 70, and a maximum width of 3-3-3-6mm. 
Thecal apertures thus describe a distinct arch beneath the sicula. Thecal spacing of 11-12 
thecae in 10mm distally (th 10-th 15 repeat distance about 4:5 mm). Thecae curved, distal 
inclination 50°-60° to dorsal wall, thecal apertures strongly flared, cutting back to about a 
quarter of stipe width distally. 


DESCRIPTION. The description modifies that of Elles & Wood (1901). Rushton (1985a) illustrated 
the type and other material from the type locality. Specimens from south Wales and the Lake 
District are without doubt conspecific, and D. hirundo 1s perhaps one of the more distinctive 
species in the monotonous Expansograptus group. As Elles & Wood noted, it can grow excep- 
tionally large—some rhabdosomes exceeded 60 cm across. There is a small declined part at the 
proximal end corresponding to about three thecae on either stipe, then distally the stipes 
become slightly reclined, and straight; the reclination accounts for no more than 15^, usually 5°, 
as measured from a horizontal line drawn normal to the long axis of the sicula. This slight 
reclination appears to be characteristic and consistent for the species. Elles & Wood give an 
‘exceptionally long’ sicula length exceeding 3mm. This appears to have been based on speci- 
mens from Nant-y-Gadwen, Ll$n, or Lake District specimens which are not usual. The type, 
and others here placed in D. hirundo, have a sicula which is 2:3-2-.6 mm long (as does the 
original of Elles & Wood 1901: text-fig. 9b). Th 1! originates high on the sicula; isograptid 
development cannot be proved from any of our material. Subsequent thecal growth is shown 
by the stipe expansion diagrams (Fig. 116). Increase in stipe width is very rapid beneath the 
declined part of the rhabdosome, gradually decreasing in magnitude distally, but the stipes do 
continue to increase in width for a considerable length, and this is highly characteristic of the 
species, being unusual among extensiforms. This increase continues at least as far as th 70, and 
probably very gradually to th 100 in some cases. The shape of the stipe expansion curve is 
typical of the species, but the ultimate stipe width 1s variable. At th 30 we have widths varying 
between 2-75 and 3-0 mm (mean 2-9 mm); the greatest stipe width we have recorded is 3-75 mm, 
but Elles & Wood mention stipes as wide as 4mm. The narrowest dimension in the mature 
(about th 100) stipe we have seen is 3:0 mm. Ultimate stipe width is not an important specific 
character; wider stipes are associated with continued thecal growth, and hence, for geometrical 
reasons (Fortey 1983) with thecae with slightly higher distal inclinations. 
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Fig. 116 Stipe expansion diagram for Didymograptus (Expansograptus) hirundo Salter, showing rapid 
proximal increase and distal slow but regular increase in stipe width. c is lectotype; b, large specimen 
from south Wales, Fig. 115a; a, d, two other Lake District specimens. 


Thecae are highly curved, with initial 0 207-30^, apertural 0 50°—60° (?70°) according to the 
stage of growth reached; as always with curved thecae, they are conical, with distal t less than 
| mm; l, exclusive of common canal, up to 4mm. The flared apertures are concave, and cut 
back to about a quarter of the stipe width in the dista! part of the stipe, proportionately more 
proximally. For thecal spacing, our measurements differ from those of Elles & Wood, who 
quote 9-10 thecae in 10mm. All the specimens we would attribute to D. hirundo have between 
11 and 12 thecae included within 10mm in the mature part of the stipe; in fact this spacing 
pertains from about th 7 to the end of the stipe. In terms of thecal repeat distance, five thecae 
th 10-th 15 is taken as standard, and 5d on all our specimens lies between 4-4 and 4-6 mm. 


Discussion. There are a number of specimens attributed to D. (Expansograptus) hirundo by 
Elles & Wood (1901: pl. 1, fig. 5a) and Bulman (1936) in which the sicula and proximal thecae 
appear to have continued to grow to effectively fill in the arch between the first three thecae, 
making the ventral margin of the stipe perfectly straight throughout the rhabdosome. Speci- 
mens apparently of this kind from China were described as D. abnormis by Hsü (1934). In other 
characters they are like hirundo, and they consistently occur together at the same horizon. It is 
possible that such specimens are aberrant individuals of D. hirundo, although this cannot be 
certainly demonstrated, and in the synonymy they are excluded with caution from the species. 
In south Wales we have recovered D. hirundo from the upper part of the Fennian, B. rushtoni 
Biozone; in the Lake District it first occurs in the equivalent I. gibberulus Biozone, as noted 
above, but extends into Jackson's (1962) D. hirundo Biozone with abundant biserials. Ín Shrop- 


Fig. 117  Didymograptus (Expansograptus) hir- 
undo Salter. See Fig. 115a. Detail of flattened 
proximal end, showing high inclination of 
ventral walls of thecae to either side of sicula, 
x 10, Q5148. 
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shire it occurs in the Tankerville Flags, in the probable equivalent of the B. rushtoni Biozone. D. 
hirundo is therefore distributed through the upper two trilobite biozones of the Fennian; it does 
not extend into the Llanvirn. In spite of the confusion over its extended distribution compared 
with the biozone that carries its name, it is a stratigraphically useful species. Outside Britain 
what is probably the true hirundo occurs in the biozone of Phyllograptus angustifolius elongatus 
in Norway, and also in Morocco. Hsü (1934) figured D. hirundo and Mu et al. (1979) described 
D. cf. hirundo from south-west China; the proximal details are too obscure to be sure whether 
this material is conspecific or not. 


Didymograptus (Expansograptus) nitidus (Hall 1858) 
(Figs 118, 119, 120d) 


1858 Graptolithus nitidus Hall: 129. 
1865  Graptolithus nitidus Hall (pars): 69-71; pl. 1, figs 1-7, 9 [non fig. 8]. 
1868  Didymograptus nitidus (Hall) Nicholson (pars): 135. 
21892  Didymograptus nitidus (Hall); Barrois: 91—92. 
1901 Didymograptus nitidus (Hall); Elles & Wood: 10-11, figs Sa-d; pl. 1, figs 2b, c [?non fig. 2a]. 
(Gives earlier British synonymy.) 
1904  Didymograptus nitidus (Hall); Ruedemann: 671—674, figs 66-70; pl. 13, figs 1—5; pl. 14, figs 5, 6. 
non 1912 Didymograptus nitidus (Hall); Hoeck: pl. 13, figs 8, 9. 
1928 | Didymograptus nitidus (Hall); Matley: 491 (listed). 
1947  Didymograptus nitidus (Hall); Ruedemann: 339-340; pl. 55, figs 11—13 [?non fig. 14]. 
1960  Didymograptus nitidus (Hall); D. E. Thomas: 28; pl. 4, figs 40, 42. (Gives earlier Australian 
references.) 
non 1960  Didymograptus nitidus (Hall); Berry: pl. 8, fig. 11. 
1963  Didymograptus nitidus (Hall); Ross & Berry (pars): 88-89 [non pl. 5, figs 2, 4]. 
non 1976  Didymograptus nitidus (Hall); Braithwaite: 44—48; pl. 9, figs 8, 12, 14—23; pl. 18, figs 1-8; pl. 19, 
figs I-6 [ = Xiphograptus sp.]. 
?]979  Didymograptus nitidus (Hall); Mu et al: 98; pl. 34, figs 11, 12 (high horizon, insufficient 
description). (Earlier Chinese references listed.) 
1982 Didymograptus nitidus (Hall); Cooper & Fortey: fig. 40f, g. 


LECTOTYPE (here selected). Original of Hall (1865: pl. 1, fig. 7); GSC 914b, figured here as 
Fig. 118a. 


TvPE LOCALITY AND HORIZON. Quebec Group shales at Point Lévis, Quebec. Raymond (1914: 
524, 529) records the species from the lower part of the Didymograptus bifidus Biozone, at 
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Fig. 118 Didymograptus (Expansograptus) nitidus (Hall 1858). Arenig, Quebec Group, Point Lévis. a, 
lectotype, GSC 914b, x 2; b, detail of proximal end showing isograptid arch, and relatively high 
angle between ventral walls of th 1! and th 12, x 10, GSC 914d (Hall 1865: pl. t, fig. 6); c, x 2, GSC 
914e. Figs 118b and c after Cooper & Fortey 1982: fig. 40, with magnification corrected. 
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Begin's Hill Quarry. O. M. B. Bulman recollected at this site; in an unpublished manuscript I 
have seen he records the species also from the underlying Phyllograptus typus Biozone. Both 
these occurrences belong within the Middle Arenig, probably in the Chewtonian-Castlemainian 
l interval of the Australian stratigraphic standard. 


OTHER MATERIAL. Four other specimens in Hall’s type series, GSC 914. 


DIAGNOSIS. Didymograptus (Expansograptus) with stipes declined proximally (in range 135°~ 
155°) and distal stipes horizontal to very slightly declined. Isograptid development; ventral 
walls of th 1! and th 1? include a high angle; sicula 1:3-1:5 mm long, stipe width at th 1 
0-7-0-8 mm. Stipe expansion rather steady until about th 20 and very little thereafter, to 
maximum between 1:5 and 1-75 mm. Distal thecae moderately flared at apertures and with tiny 
denticles, but interthecal septum inclined at 20°—35° to dorsal wall; distal thecal spacing 11-12 
in l0 mm (th 10-15 distance in range 3-8-4-2 mm); $ always less than 90° and usually about 
60^, so that apertures cut back about one-third of total stipe width distally. 


DiscussioN. Hall described the general features of this species, and the essential characters in 
the diagnosis require no further comment. Most of the original periderm has disappeared from 
the types. Although not present in south Wales, the species is present in north Wales associated 
with a Whitlandian trilobite fauna, and in the Lake District. Hall's types are a small popu- 
lation, but there are enough examples to suggest that previous views of D. nitidus have been too 
inclusive. A shallow-deflexed shape, with declined proximal end and more horizontal distal 
stipes, is regarded as a necessary character of the species, because such stipe characters seem to 
be fairly constant in other Expansograptus spp. Hence this would exclude such supposed nitidus 
as that in Berry (1960: pl. 8, fig. 11) with evenly declined stipes; there are other named species 
with this habit. About six thecae to either side of the sicula are involved in the declined portion 
of the rhabdosome (even in that specimen with distally declined stipes the dorsal stipe wall is 
concave), which projects only some 2-3 mm above the distal parts. Isograptid development was 
noted by Elles & Wood (1901: fig. 5d) in material from the type locality, and by Cooper & 
Fortey (1982: fig. 40g, reproduced as Fig. 118b herein) on a proximal end on GSC 914d which 
preserves the original relief. In all respects except the declined proximal part nitidus seems to be 
a typical Expansograptus. Note that Cooper & Fortey (1982: fig. 40f) recorded a magnification 
of x 3 on one of Hall's original specimens; this should have been x 2, and a correct repro- 
duction is shown in Fig. 118 herein. 

The sicula is 0-4 mm wide at its aperture, and somewhat curved away from th 1! (as it is also 
in D. extensus). In profile this appears as a ‘tooth’ about 0:3 mm long, projecting between th 1! 
and th 12. Free ventral walls of these thecae enclose an angle of 807-100? and are 0:6-0-7 mm 
long. No specimens show the origin of th 1! perfectly, but it is clear that the origin of the first 
theca lies high on the sicula and that the sicula and first theca grow side by side as a pair for at 
least 1 mm. 
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Fig. 119 Stipe expansion diagrams for three specimens of D. (Expansograptus) nitidus (Hall) from the 
type series. 
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Cooper & Fortey (1982) revised D. extensus (Hall), and stated that this species should not 
include specimens with a declined proximal end, such as most of those assigned to D. extensus 
from the English Lake District. Apart from this, D. extensus has an almost linear, gently sloping 
stipe expansion diagram from a narrower proximal end than D. nitidus. The proximal end 
structure is similar enough, however, to show that nitidus and extensus should both be referred 
to the same subgenus, Expansograptus. D. uniformis Elles & Wood may have had a proximal 
end development comparable to that of D. nitidus, but there are twice as many thecae involved 
in the steeply declined part of the rhabdosome, which projects up to 6mm above the distal 
stipes, which themselves are narrower than in nitidus. Evans (1906) listed D. nitidus from 
Fennian localities in south Wales. This may have been based on general stipe form, because we 
cannot find any specimens which are referable to this species by comparison with the type 
material. The most similar material is probably what we refer to here as D. uniformis lepidus Ni, 
which is discussed in more detail below (p. 270); this species is at once distinguished from D. 
nitidus by its dense thecal spacing. The development, and virgellar spine, on the material from 
Utah identified as D. nitidus by Braithwaite (1976) shows that it belongs with Xiphograptus 
Cooper & Fortey rather than with Expansograptus, and it cannot be conspecific with Hall's 
species. 

Taking a view of D. nitidus based on the type material, it does seem to be confined to the 
middle part of the Arenig in North America, Britain and Australia. Reported occurrences from 
the late Arenig have not been substantiated. An evolutionary ‘series’ extensus — nitidus > hi- 
rundo has been quoted, but D. extensus, sensu stricto, is an unlikely ancestor of nitidus because 
of differences in the proximal end structure. D. hirundo and D. nitidus are more alike—for 
example in the arch beneath the proximal end, and in the form of the distal thecae—and it is 
possible to derive hirundo from nitidus by continued growth of both thecae and stipes. 


Didymograptus (Expansograptus) sparsus Hopkinson 1875 
(Figs 121a, b, 122-3) 


1875  Didymograptus sparsus Hopkinson, in Hopkinson & Lapworth: 643; pl. 33, figs 2a-d. 
1875 Didymograptus pennatulus Hall; Hopkinson, in Hopkinson & Lapworth: 643-644; pl. 33, fig. 
3a-d. 
1901  Didymograptus sparsus Hopkinson; Elles & Wood: 17-18, fig. 10; pl. 1, figs 6a, b. 
?1909  Didymograptus cf. sparsus Hopkinson; Cantrill, in Strahan et al.: 20. 


LECTOTYPE. Specimen with proximal end, on type slab, SM A16947. Selected Elles & Wood, 
1901 : explanation of plate 1. 


TYPE LOCALITY AND HORIZON. Upper Arenig, Fennian, probably Bergamia rushtoni Biozone; 
Road Uchaf, Ramsey Island. 


OTHER OCCURRENCES. ?South Wales, Llwyn-crwn, loc. 24; B. rushtoni Biozone (stipe fragments 
only; may be end variant of D. cf. goldschmidti). Lake District, Outerside; at Arenig/Llanvirn 
boundary. 


MATERIAL. On type slab, also SM A16948, at least 5 proximal ends and numerous distal 
fragments; numerous specimens on slabs SM A16946, A16951, A16958; Fitz Park Museum, 
Keswick, Harrison Coll., for Outerside specimen. 


Fig. 120 Arenig Didymograptus (Expansograptus) species. a, Didymograptus (Expansograptus?) uni- 
formis uniformis Elles & Wood 1901, holotype, late Arenig, Bassenthwaite Sand Beds, Cumbria, x 2, 
Q8; b, Did ymograptus (Expansograptus?) uniformis cf. lepidus Ni 1979, Upper Arenig, Fennian, B. 
rushtoni Biozone, loc. 23, x 5, Q5180: differs from typical lepidus in its more declined stipes; c, D. 
(Expansograptus) hirundo, Upper Arenig, Lake District, x 1-5, Fitz Park Museum, Keswick, 
Harrison Coll.; d, D. (Expansograptus) nitidus (Hall 1865), type loc. of Hall, Lévis, Quebec, x 3, GSC 
514e; e, D. (Expansograptus) uniformis lepidus Ni 1979, Upper Arenig, Fennian, B. rushtoni Biozone, 
loc. 23, x 2, Q5092. 
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Fig. 121 Didymograptus (Expansograptus) sparsus Hopkinson 1875. a, near Arenig/Llanvirn bound- 
ary, Outerside, Cumbria, large undistorted specimen, x 1, Fitz Park Museum, Keswick, Harrison 
Coll.; b, Rhoad Uchaf, Ramsey Island, Dyfed, Fennian, probably B. rushtoni Biozone, slab with 
distorted material, x 3, SM A16951: pointer at centre bottom indicates inferred direction of 
extension. (Specimen at bottom is that used by Hopkinson (1875: pl. 33, fig. 3a) as illustrative of D. 
pennatulus; all such specimens are here regarded as tectonically altered D. sparsus). 


DIAGNOSIS. Large Expansograptus, proximal part declined, but only for two or three thecae, 
thereafter horizontal. Sicula large, stipes exceed 2mm width at th 1 and achieve maximum 
width of about 2-8 mm (range of variation probably considerable) at about th 10, which then 
remains constant. Thecae very widely spaced, between 8 and 9 per 10mm in mature part of 
stipe (th 10-th 15 5-5 mm); apertures very flared, and deeply cut back to more than one-third 
stipe width, t = 1 mm, $ = 207-30". 


Discussion. The slab including the type specimen has obviously suffered a certain measure of 
distortion. The type specimen lies at a low oblique angle to the direction of maximum exten- 
sion, and the stipes have been slightly thinned as a result and the thecal spacing increased. 
Many of the other stipes on the type slab are close to the direction of extension: the very low 
thecal spacing recorded by Elles & Wood (1901) of 7 in 10mm seems to be based on such 
specimens; on others preserved more or less normal to the long axis of the strain ellipsoid 
spacing is reduced to 10 or 11 in 10mm. We regard almost all the specimens on the type slab as 
belonging to the single species sparsus, and include also a specimen from the same horizon 
figured by Hopkinson (1875: pl. 33, fig. 3a) as D. pennatulus Hall (which is one of the tectoni- 
cally compressed specimens). The only exception (Hopkinson 1875: pl. 33, fig. 3e) is a very 
broad stipe that may belong to D. hirundo. 


Fig. 122 Didymograptus (Expansograptus) spar- 
sus Hopkinson. Proximal end of specimen 
2 c we shown in Fig. 121a, flattened but otherwise not 


distorted, to show small sicula ‘tooth’ and low 
NVA. angle between ventral walls of th 1! and th 17, 
apex of sicula resorbed, x 5. 
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Fig. 123  Stipe expansion diagrams for D. (Expansograptus) sparsus Hopkinson; a, wide stipe (called 
pennatulus by Hopkinson) from type locality; b, from holotype, tectonically extended (Elles & Wood 
1901 : pl. 1, fig. 6a); c, undistorted specimen Fig. 121a herein, lying about midway between these two 
extremes. 


Knowledge of D. sparsus in an undistorted condition has derived from a specimen from the 
Lake District, figured here as Fig. 121a. The specimen has a final stipe width of 2-8 mm, and its 
stipe expansion diagram lies between the wider and narrower specimens on the type slab (Fig. 
123). The distal thecal spacing is between 8 and 9 thecae in 10 mm, which is still low for an 
Expansograptus. It 1s not possible to be sure exactly how much distortion accounts for the 
variation in distal stipe width on the type slab. Extreme values are 2-2 mm parallel to extension 
and just over 4 mm normal to it. The type specimen, 2:5 mm wide, is nearly parallel to exten- 
sion, and certainly thinned by tectonism. On the other hand some specimens nearly parallel to 
extension are 3mm wide, and were originally wider. There was presumably a good deal of 
variation in final stipe width (as in other extensiforms), embracing the values 2:6 to 3:3 mm and 
maybe more. Taking the extreme values produced by distortion on the type slabs the formula 


original width = ./compressed width x extended width 


gives values close to that of the Outerside specimen. The important specific character is not the 
stipe width, but the widely-spaced thecae with their flared apertures, and the wide initial stipe 
width with relatively low stipe expansion (Fig. 123). The species certainly grew very large: the 
Lake District specimen has one stipe 12cm long without a termination. 

The proximal end of the holotype was figured by Elles & Wood; the sicula exceeds 3mm in 
length, but has possibly been tectonically altered. However, all the type series show a similarly 
large sicula regardless of distortion type. Not much can be inferred about mode of development 
from the type series, but the proximal end profile is much like that of D. nitidus (Fig. 118b). The 
Lake District specimen (Fig. 122) is not much better; the top of the sicula has been resorbed to 
form a low hump. The free ventral walls of th 1! and th 1? are as long as 1:6 mm and enclose a 
small acute angle. The asymmetrical sicular aperture forms a 'tooth' about 0:5 mm long. Stipe 
width at th 1 about 2mm; smaller values on the type slab are because of distortion. 

Didymograptus (Expansograptus) patulus (Hall) has similarly flared thecae, but (Cooper & 
Fortey 1982: fig. 44) narrower proximal stipe width and hence a steeper proximal growth 
gradient, and more closely spaced thecae. D. (E.) sparsus is one of the more distinctive Expan- 
sograptus, but it is not yet recorded outside the United Kingdom. 
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Didymograptus (Expansograptus?) uniformis uniformis Elles & Wood 1901 
(Fig. 120a) 


1901  Didymograptus uniformis Elles & Wood: 12-13, text-fig. 6; pl. 1, fig. 4. 
HoLorTYPE. Well-preserved complete rhabdosome, Q8. The only original specimen. 


TvPE LOCALITY AND HORIZON. The holotype bears a label recording its occurrence in the 
Bassenthwaite Sand Beds; this is a late Arenig (probably gibberulus to hirundo Biozone) 
horizon. 


DiaGnosis. Deflexed Expansograptus? with distal stipes almost horizontal; deflexed portion of 
rhabdosome protrudes about 6mm above distal stipes, and involves some 10-12 thecae on 
either side of the sicula. Development not known, acute angle between ventral walls of th 1! 
and th 12. Gradual increase in stipe width from 0-8 mm at th 1 to 1:1 mm at th 10; subsequent 
increase extremely gentle, to a maximum of 1-4 mm. Distal stipes appear nearly uniform, with 
11-12 thecae in 10 mm (th 10-th 15 4-5 mm), 0 about 30°, t = 0-5 mm, $ = 60°. 


Discussion. The type specimen of uniformis is the only one available, and our concept of the 
form must perforce be based upon it. Fortunately, it is well preserved. It is, however, difficult to 
be certain that there is no distortion, for example, with regard to the rather acutely declined 
proximal end. The fact that the two stipes are identical suggests that distortion is not serious, 
and a fragmentary stipe lying at right angles to the holotype has similar thecal proportions, 
although without a proximal end there is no way of being sure that it belongs to uniformis. We 
also have specimens with similarly declined proximal ends from south Wales referred to the 
subspecies lepidus (below). There is little to add to Elles & Wood's description apart from a 
photograph of the type specimen. The sicula is not clearly shown and does not exceed 1:5 mm, 
but Elles & Wood's text-fig. 6 shows 1:6 mm and it is conceivable that the specimen was more 
complete when first drawn. There is an apparent contradiction between their diagnosis and 
description, the former stating that the maximum stipe width is 1:6 mm, the latter that it is 
1-3mm. The maximum width is in fact 1-45 mm measured to the tip of a small denticle visible 
on some distal thecae. There is, of course, no way of knowing what intraspecific variation there 
may have been within D. uniformis uniformis; for example, it is not likely that the very slight 
declination of the distal stipes is of specific significance, and if it is like other dichograptids the 
distal stipe width would be somewhat variable. The closest species is D. nitidus (Hall), 
redescribed herein, from which it differs in having about twice as many thecae involved in the 
prominent declined part of the rhabdosome, thinner distal stipes (not regarded as important), 
and a slow rate of stipe expansion that soon levels off. Elles & Wood also described D. cf. 
uniformis (1901: pl. 1, fig. 3) from a slab from Raulnay in the Lake District. This slab includes 
some 8 specimens with proximal ends, showing structure like that of D. nitidus, but similar to 
uniformis in stipe width; the general habit, such as the projection of the declined part above the 
distal stipes, is like D. nitidus. The population is apparently an intermediate between uniformis 
and nitidus, but the development is like the latter. Populations from the Pontyfenni Formation 
in south Wales differ from uniformis uniformis consistently in a single character only, and these 
are described below as a different subspecies. As mentioned below, both may be related to 
Llanvirn species attributed to Corymbograptus rather than to Expansograptus. The straight- 
sided inverted V of the proximal end distinguishes the uniformis group from the early Arenig 
Corymbograptus of v-fractus type. 


Didymograptus (Expansograptus?) uniformis lepidus Ni 1979 
(Figs 120e, 124a-c, 125) 


1906  Didymograptus nitidus (Hall); Evans: 611. 

1906  Didymograptus extensus (?); Evans: 612. 

1909  Didymograptus cf. uniformis Elles & Wood; Cantrill, in Strahan et al.: 12, 20. 
195] Didymograptus simulans Elles & Wood; Gigout: 277—278, text-fig. 57. 

1979  Didymograptus lepidus Ni, in Mu et al.: 99; pl. 34, figs 16, 17; pl. 35, figs t—5. 
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TYPE MATERIAL. In Nanjing Institute of Palaeontology. Late Arenig of south-west China, Didy- 
mograptus nexus Biozone (equivalent to ‘Glyptograptus’ sinodentatus Biozone). 


OCCURRENCE IN SOUTH WALES. Bergamia rushtoni Biozone; loc. 21, Castell-y-waun; loc. 23, 
Pontyfenni; and Survey locality Carm. 37SE W24, Nant-yr-allwyn. 


MATERIAL. NM W 84.12G.5-7, 84.12G.18, 84.12G.21, 84.12G.36, 84.17G.96-100; Q5092-103, 
Q5182-5. 


DIAGNOSIS. Subspecies of D. uniformis differing from the type in its closely spaced thecae, 14-16 
(?17) in 10mm in mature parts of stipe (th 10-15: 3-0 to 3-6 mm). Proximal end declined, but 
proportions variable, involving 6-15 thecae to either side of sicula; distal stipes very gently 
declined or horizontal. Sicula 1:2-1:4 mm long, development uncertain; acute angle between 
ventral walls of th 1! and th 12. Gentle increase in stipe width through first 20 thecae or so, 
distally uniform, but final stipe width varies between 1-20mm and 1:6mm on different speci- 
mens. On distal stipes 0 varies between 30° and 55°, ó between 45? and 60°. 


DISCUSSION. The very close thecal spacing is exceptional in an extensiform, as noted by Ni (in 
Mu et al. 1979: 99). Ni also provided data on stipe width at various thecal numbers which is 
consistent with growth of our material (Fig. 125). Ni does not mention a stipe width greater 
than 1 mm, but her pl. 34, fig. 17 is 1:2 mm wide distally and hence within the range of variation 
of our material. The material figured by Ni has weakly declined proximal portions, projecting 
only about 2mm above the distal stipes, like our specimen shown in Fig. 120e. However, the 
Welsh material does include specimens, such as NMW 84.12G.7, with steeply declined proximal 
ends perhaps 4mm above the distal stipes, and hence much more like the type of uniformis 
uniformis. The initial angle of declination varies between 100^ and 130^, the lower angles being 
on those specimens more like uniformis uniformis. This is a wider range than that given by Ni, 
but assuredly within a population from a single locality at Pontyfenni. Given the similarity of 
the material identified as lepidus with the type of uniformis, for example in the acute angle 
enclosed by the free ventral walls of th 11 and th 12, and in view of our lack of knowledge of 
intraspecific variation of uniformis at the type locality, it is appropriate to regard the Fennian 
form as a subspecies of uniformis distinguished by its dense thecal spacing, which is a consistent 
character. D. uniformis lepidus grew quite large: incomplete rhabdosomes with proximal ends 
show that whole colonies were more than 16 cm long. 


p E X d 
Fig. 124 a-c, Didymograptus (Expansograptus?) uniformis lepidus Ni 1979. Upper Arenig, Fennian, B. 
rushtoni Biozone, Pontyfenni Formation, loc. 23; a, stipes partly chloritized, x 2, Q5182; b, proximal 
end, x 10, from Q5092; c, showing sicula ‘tooth’, x 10, Q5099. d, Didymograptus (Expansograptus?) 
simulans Elles & Wood 1901, proximal end for comparison with lepidus, showing how distal part of 


sicula aligns itself with one stipe; type slab, Skiddaw Slates, Barf, Cumbria, probably D. nitidus 
Biozone, x 10, SM A17698. 
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Fig. 125 Stipe expansion diagrams for population of D. (Expansograptus?) uniformis lepidus Ni 1979 
from loc. 23, showing range in distal stipe width. 


Despite some quite well preserved material the proximal end development is not clear. The 
sicula is about 1:3 mm long, narrow, with an oblique aperture that forms a very short ‘tooth’ in 
profile between the stipes (0-2 mm long). Th 1! begins high on the sicula; free ventral walls of th 
1! and th 1? are 0:5-0-7 mm long, and enclose an acute angle (45°-70° on measured material). 
The possibility of artus development cannot be excluded. Proximally declined large specimens 
of this species resemble narrow-stiped versions of such Llanvirn Corymbograptus species as C. 
retroflexus, which is reported by Bouček (1973: 54) to have artus development. The stipe 
expansion diagrams show a good deal of distal variation in stipe width; as usual in dichograp- 
tids this is not an important character. Wider stipes are those associated with higher 0 and 
lower ¢ (narrower stipes vice versa) for the geometrical reasons described by Fortey (1983). It 
seems possible that the wide specimens are the result of continued thecal growth in older 
colonies. Of our specimens, 80% have distal stipe widths 1-3-1-5 mm and thecal spacing is 15 in 
10mm. 

We have two specimens (one shown in Fig. 120b) which have a longer declined proximal 
portion of the rhabdosome. These may be no more than population variants: they are named 
here as D. (Expansograptus?) uniformis cf. lepidus. 

D. simulans Elles & Wood 1901 is superficially similar to D. uniformis lepidus in growth habit, 
but has a distinctively different proximal end structure (Fig. 124d). 


Didymograptus (Expansograptus) goldschmidti Monsen 1937, sensu Kraft 1977 
(Figs 126-7) 


1937 Didymograptus goldschmidti Monsen: 117—118; pl. 1, figs 22, 39, 45. 
1973  Expansograptus extensus (Hall 1865); Boucek: 37; pl. 6, fig. 5. 
1977 Expansograptus goldschmidti (Monsen) Kraft: 15-16; pl. 8, figs 1-3. 
21979  Didymograptus alatus Chen; Mu et al.: 107—108; pl. 37, figs 2-4. 
?1979 Didymograptus patulentis Chen; Mu et al.: 105—106; pl. 36, figs 5, 20, 21; pl. 37, fig. 1. 


TYPE LOCALITY AND HORIZON. The holotype is K 0666, in the Palaeontological Museum, Oslo. 
From the biozone of Phyllograptus densus, Lower Didymograptus Shales; Ensjo, Norway. 


OCCURRENCE IN SOUTH WALES. Rare in the later Whitlandian, biozone of Gymnostomix gibbsii; 
common in the Fennian, biozones of Stapleyella abyfrons and Bergamia rushtoni. Localities: 24, 
25, 38, 40, 48 in Pontyfenni Fm.; 28, 34 in Whitland Abbey Member of Colomendy Fm. 


MATERIAL. Q5150-2, Q5790-7; NM W 33.189.G204.1-2, 33.189.Gla, 33.189.G128, 33.189.G135, 
84.17G.174—179. 


DIAGNOSIS. See Kraft, 1977: 15. 


Discussion. A group of deflexed forms is included here, which have proved particularly difficult 
to determine specifically. These all have a small deflexed proximal portion involving 3-5 thecae 
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Fig. 126 Didymograptus (Expansograptus) goldschmidti Monsen 1937, sensu Kraft 1977. a, Upper 
Arenig, Fennian, B. rushtoni Biozone, loc. 24, thin-stripe morph, x 3, Q5790; b, probably B. rushtoni 
Biozone, loc. 40, latex cast from relief specimen showing isograptid development in obverse view, 
x 8, Q5791; c, same horizon, loc. 25, x 5, Q5792; d, S. abyfrons Biozone, loc. 38, x 3, Q5793. 


to either side, distally nearly horizontal to slightly reclined. Sicula exceeds 2 mm in length 
(2:1-2-4 mm), forming a distinct tooth between th 1! and th 12, the ventral walls of which 
enclose an acute angle. Thecae are distinctly flared, trumpet-like, with the apertures cutting 
back to up to half the stipe width. Specimens in relief show that th 1! originates high on the 
sicula, and that there was isograptid development. There is a great deal of variation in other 
characters. The Whitlandian specimens are small (about 3cm across); some Fennian specimens 
are also small, but others grew to at least three times that length. Some specimens (Fig. 127a) 
have distal apertural denticles (d) 1 mm apart (corresponding to spacing of 9-10 in 10mm); 
others have thecal spacing of 12-13 in 10mm. Stipe width at th 1 is 1:1—1:5 mm; distal stipe 
width is usually stable after about the fourth theca, and may be as little as 1-4 mm, but other 
specimens are up to 20mm wide; stipe fragments from Pen-y-parc in the early Fennian 
probably belong here and are up to 2-5 mm wide. 0 prox 20°-30°, distal 457-60^; ó is acute, 
607-80*. 

If this is a single species, it 1s a highly variable one. Those specimens with widely spaced 
thecae are like D. sparsus, but with narrower stipes. The large sicula and dependent proximal 
thecae distinguish the species from D. nitidus (Hall). Kraft (1977) figured some specimens from 
the Arenig of Bohemia which include some examples identical to our material except for a 
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slightly less declined proximal part—which we know to be somewhat variable in Expanso- 
graptus. Kraft referred these to D. goldschmidti Monsen, and this identification is followed here. 
However, it is noted that Monsen (1937: 117) did not describe such acute thecal apertures, and 
she quotes a sicula length as long as 3 mm. For this reason the identification of D. goldschmidti 
is qualified, until a revision of the type material is available. A broader specimen was figured by 
Kraft as Expansograptus cf. cinnereus Monsen. Kraft's description of goldschmidti quotes 9-10 
thecae per 10mm, but if it is correct to assign specimens such as our Fig. 126a to the same 
species the total range would be 9-13. 

Some of the variation in this species may be accounted for by continued growth of the 
rhabdosome, although this ought not to apply to thecal spacing. Some small specimens are also 
narrower; continued growth at the distal end of the stipes may have been accompanied also by 
small growth increments on proximal thecae. Large rhabdosomes clearly show a decline in 
stipe width at the distal, growing tip (Fig. 127a). However, since we have only found the larger 
specimens in the Fennian it is possible that there was also a phylogenetic change in the 
direction of large colonies, from small in the Whitlandian to large in the Fennian. 

Some of the species from the later Arenig of China described in Mu et al. (1979) are probably 
conspecific with the present form, especially those referred to Didymograptus patulentis Chen 
(Mu et al. 1979: pl. 36, fig. 20; pl. 37, fig. 1) and D. alatus Chen. The former compares with the 
larger specimens from Llwyn-crwn, for example. There are nomenclatorial problems here also. 
D. patulentis was proposed to distinguish some late Arenig forms from D. patulus (Hall), under 
which name they had been described from Sweden by Tórnquist (1901). Cooper & Fortey 
(1982) suggested that Tornquist’s material might be referred to Xiphograptus, on the basis that 
Tórnquist described a virgellar spine on one of his specimens. Examination of Tórnquist's types 
in Lund University in 1985 failed to substantiate the presence of this spine, and it does not 
seem to be present on the Chinese material illustrated by Mu et al. (1979). D. alatus Chen (in 
Mu et al. 1979: pl. 37, figs 2-4) has slightly reclined stipes, like the south Wales specimen shown 
in Fig. 126a. Clearly the group of didymograptids having a small declined proximal part, large 
sicula, dependent th 1! and th 12, and flared thecae, requires comparative nomenclatorial 
revision, starting with the earliest named taxa. For this reason we employ Monsen's name here, 
while acknowledging that identical forms to the south Wales specimens occur in Bohemia and 
China. 


Genus AZYGOGRAPTUS Nicholson & Lapworth, in Nicholson 1875 
TYPE SPECIES. A. lapworthi Nicholson 1875, by monotypy. 
DIAGNOSIS. See Bulman 1970: V116. 


Azygograptus hicksii (Hopkinson 1875) 
(Figs 128b, c) 

1875  Tetragraptus Hicksii Hopkinson, in Hopkinson & Lapworth: 651; pl. 33, figs 12a-d. 
1902  Azygograptus Hicksii (Hopkinson) Elles & Wood: 94-95, text-fig. 55; pl. 13, figs 2a-c. 
LECTOTYPE. SM A17831. Selected from Hopkinson’s syntypes by Elles & Wood (plate ex- 
planation) as ‘type’; original of Hopkinson, in Hopkinson & Lapworth 1875: pl. 33, fig. 12c, d. 
TYPE LOCALITY AND HORIZON. Penmaen Dewi Formation, Pwlluog, Whitesand Bay, near St 
David's, Dyfed; Whitlandian, Gymnostomix gibbsii Biozone. 
OTHER OCCURRENCE. Afon Ffinnant Formation, on Afon Ffinnant, east of Carmarthen, isolated 
shale outcrop between locs 18C and 18D; Whitlandian, ?G. gibbsii Biozone. 


MATERIAL. SM A17379-94; Q5172-3. 


DIAGNOSIS. Azygograptus with more widely spaced thecae than any other species of the genus; 
distance between thecal apertures d = 1-6-2-8 mm. Stipe originates near base of sicula, which 
carries prominent spine on opposite side. Distal stipe width 0-9—1-5 mm. 
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Fig. 128 Arenig Azygograptus species, all x 3. a, A. eivionicus Elles 1922, Afon Ffinnant Formation, 
Middle Arenig, Whitlandian, ?F. radix Biozone, loc. 18E, Q5175; b, A. hicksii (Hopkinson 1875), 
Penmaen Dewi Formation, Middle Arenig, Whitlandian, C. gibbsii Biozone, Pwlluog, north of 
Whitesand Bay, St David's, Dyfed, rhabdosome showing spine on sicula, SM A17393; c, A. hicksii 
(Hopkinson), same horizon and locality, SM A17392. 


Discussion. Elles & Wood (1902) gave a good general description of this species, which is 
known from a type population of more than 20 specimens. It has wide stipes with very spaced 
thecae, and this alone distinguishes it from other Azygograptus. This feature does not seem 
likely to be the result of distortion; other species of trilobites and graptolites from near the type 
locality are not distorted, and the species occurs also in the Carmarthen district where there is a 
different tectonic setting. Sicula 1-5-2:1 mm long, th | probably originating quite low down on 
sicula and curving away from it at once, 0-2-0-3 mm above sicula aperture. Well-preserved 
proximal ends, such as on SM A17392-3 (two specimens; Fig. 128b, c) show a prominent spine 
curving away from the sicula on the opposite side to the stipe; this is regarded as a likely 
specific character, although it is not visible on poorly preserved specimens (or ones, like the 
type, which have been covered in Canada balsam). Width at th 1, 0-6-0-9 mm; attaining mature 
stipe width by th 3 to th 9 with little change therafter. The majority of specimens in the type 
population (Fig. 130) are 1-2-1:4mm wide. Overall rhabdosome shape varies from nearly 
straight to quite strongly curved, and no taxonomic importance is attached to this. 

A. hicksii is known from the later Whitlandian. A. eivionicus from the early Whitlandian, with 
thinner stipes and more crowded thecae, is distinguished below. A population attributed to 
hicksii from Afon Ffinnant, which is probably stratigraphically between the two, has interme- 
diate characters (Fig. 130) with regard to stipe width and sicula size. It is likely that there is a 
temporal gradation between the two species. These Ffinnant specimens are referred to A. hicksii 
because they have the very loose thecal spacing noted in the type population. 


Azygograptus eivionicus Elles 1922 
(Figs 128a, 129) 


1915  Azygograptus lapworthi; Nicholas: 113. 
1922  Azygograptus eivionicus Elles: 299—301. 
21979  Azygograptus eivionicus Elles; Mu et al.: 110; pl. 38, figs 11, 12. 


HOLOTYPE. Original of Elles 1922: fig. 1, which is referred to by her as ‘type’ on the figure 
explanation; SM A17372. Strachan (1971: 19) referred to Elles’ originals as ‘syntypes’. 
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Fig. 129 Azygograptus eivionicus Elles 1922. Middle Arenig, Whitlandian, ?F. radix Biozone, Afon 
Ffinnant Formation, loc. 18E, pyritized material; a, b, small specimen with well-preserved proximal 
end, x 10 in reflected light, and sicula (under alcohol) showing sicula spine on anti-stipe side, x 20, 
Q5174; c, fully grown rhabdosome, x 5, Q5176. 


TYPE LOCALITY AND HORIZON. Nant, south of Llanengan, Ll$n Peninsula, north Wales; before 
late Arenig, but exact horizon unknown. 


OCCURRENCE IN SOUTH WALES. Afon Ffinnant Formation, abundant at locs 18D and 18E, 
middle Arenig, Whitlandian, F. radix Biozone. Also Blaencediw Formation at loc. 31, Blaen- 
cediw. 


MATERIAL. Q5174-9; NMW 84.17G.105-7. 


DIAGNOSIS. Azygograptus with stipes almost straight to strongly curved. Sicula 1-1-1:3mm long 
with slender apertural process. Stipe originates at 0-2 mm from sicula aperture, and makes an 
acute angle with it. Stipe width at th 1 0-5-0-6 mm; distal stipe width 0-6-0.9 mm with a mean 
between 0:7 and 0-8 mm; distance between thecal apertures d = 1-3-1-5 mm. 


Discussion. The salient features are given in the diagnosis. As noted above there is a gradation 
between this form and A. hicksii, which has wider stipes (Fig. 128) and more spaced thecae: it is 
like an A. eivionicus in which the thecae have become larger. Like A. hicksii, well-preserved 
eivionicus show a delicate sicula spine, which curves outwards almost at right angles to the long 
axis of the sicula. A. lapworthi Nicholson 1875 is best distinguished by the comparatively high 
origin of the stipe on the sicula, with which it subtends a right angle. A. suecicus Moberg 1892 
from the late Arenig is altogether thinner and more gracile. Specimens from the Lake District 
referred to this species by Elles & Wood are probably more correctly assigned to A. eivionicus. 


hicksii 


Fig. 130 Histograms of mature stipe width, w, 
for Whitlandian Azygograptus species; A. hicksii 
populations do not overlap with those of A. 
eivionicus, but a transitional population 'trans' 
has been found on Afon Ffinnant. 
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There they occur with a D. nitidus Biozone assemblage. Supposed A. suecicus from China 
described by Mu et al. (1979) also appear to compare more closely with A. eivionicus, which 
they record from the same horizon. There is a good deal of variation in the curvature of the 
stipes in the south Wales population: some specimens are hardly curved, others turn through a 
right angle. 

The species’ occurrence in the Afon Ffinnant Formation is as a monospecific ‘graveyard’. It is 
the first graptoloid to appear in the succession there, and may have been capable of living 
shorewards from other graptoloid species. 


Genus PSEUDOTRIGONOGRAPTUS Mu & Lee 1958 
TYPE SPECIES. Graptolithus ensiformis Hall 1865; see Cooper & Fortey 1982: 247. 


Pseudotrigonograptus ensiformis (Hall 1865) 
(Fig. 135a) 


(For synonymy see Rickards (1973) and additional comments in Cooper & Fortey (1982)). 
TYPE LOCALITY AND HORIZON. Lévis, Quebec, from latest Arenig. 


OCCURRENCE IN SOUTH WALES. Fennian, Bergamia rushtoni Biozone, Pontyfenni Formation; 
loc. 23, Pontyfenni. 


MATERIAL. Q5104; NMW 84.17G.108-9. 


DISCUSSION. This species was given a full description by Rickards (1973) and by Cooper & 
Fortey (1982), and further description is not necessary. The specimens from the Fennian are 
relatively well preserved, but in the usual mode for this genus, in which the apertures are not 
visible; the specimen breaks along the septum to give a straight-sided appearance (Fortey 
1971). The specimen illustrated is the most complete we have discovered, exceeding 44cm in 
length, but other fragments are from even larger individuals. The illustrated specimen is the 
‘narrow’ form associated with the shorter diameter of the more or less rectangular cross section 
of the rhabdosome (Cooper & Fortey 1982: text-fig. 53d); in these the cross-sectional width is 
slightly less than 3mm. Other specimens show the ‘wide’ section, with a transverse width of up 
to 4mm. The fact that these specimens break with a 180? angle between opposite thecal series 
shows that the form of Pseudotrigonograptus here is the quadriserial scandent type, rather than 
the triserial type described from relief material from Spitsbergen by Fortey (1971), in which the 
angle between adjacent thecal series is 120°. Suggestions that the triserial and quadriserial 
forms might be placed in different genera (e.g. Cooper 1979) do not seem well advised, as 
virtually ali other characters are closely similar, including the unique stipe construction. 

P. ensiformis is an almost ubiquitous species in more ‘oceanic’ graptoloid biofacies and is one 
of the few distinctive species to span the so-called Atlantic and Pacific provinces in the late 
Arenig. It is present in black shale facies, but not cratonic graptolite facies, in North America, 
as in Texas, New York, British Columbia, Newfoundland and Quebec. It is distributed in 
Taimyr, parts of China, Australia (Victoria) and New Zealand. Its occurrence also in south 
Wales and the Lake District is therefore of considerable importance for correlation. The first 
appearance of the quadriserial form is in the later Arenig. 


Subfamily SIGMAGRAPTINAE Cooper & Fortey 1982 
Genus ACROGRAPTUS Tsai 1969 
TYPE SPECIES. Didymograptus affinis Nicholson 1869, by original designation. 
Acrograptus acutidens (Elles & Wood 1901) 
(Figs 131-133) 


1875 Didymograptus affinis Nicholson; Hopkinson, in Hopkinson & Lapworth: 645; pl. 33, 
figs 6b, c (?6a). 
1901 Didymograptus acutidens Lapworth MS; Elles & Wood: 25-26, text-fig. 15a—c; pl. 2, figs 3a-d. 
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non 1904 Didymograptus acutidens Lapworth; Ruedemann: 683-684; pl. 13, fig. 15. 
1909  Didymograptus acutidens Lapw.; Cantrill, in Strahan et al.: 30 (listed). 
21931  Didymograptus acutidens Lapworth MS, Elles & Wood; Bulman: 30-31; pl. 2, fig. 13. 
1934 Didymograptus acutidens Lapworth MS em. Elles & Wood; Hsu: 33; pl. 2, fig. 3. 
non 1947  Didymograptus acutidens Lapworth; Ruedemann: 324; pl. 55, fig. 1; pl. 56, fig. 18. 
1971 Didymograptus acutidens Elles & Wood; Strachan: 14. 


LECTOTYPE (selected Strachan 1971: 14). SM A16985; original of Elles & Wood 1901: pl. 2, 
fig. 3a. 


TYPE LOCALITY AND HORIZON. Porth Hayog (= Porth Llauog), Ramsey Island; Llanvirn. 


OCCURRENCE IN SOUTH WALES. Á. acutidens is abundant in the Llanfallteg Formation, appear- 
ing in the uppermost Arenig (Dionide levigena Biozone) and continuing into the early Llanvirn. 
We have recovered it from all our Llanfallteg Formation localities. 


DIAGNOSIS. Slender, gently declined (1307-150?) Acrograptus, with stipes that increase very 
gradually from 0-4-0-6 mm to a maximum of 1-5-2:0 mm. Thecal shape characteristic, with 
acute ó, and apertural margin usually making an angle of slightly less than 90° to dorsal stipe 
margin to give acutely toothed appearance. Distal thecal spacing variable with 10-13 (?14) 
thecae per 10mm; th 10-15 4-3-4-5 mm; t = 0:5 mm, 0 = 30° or less. 


MATERIAL. Q5156-60, Q5186; NMW 84.17G.110-115. 


DISCUSSION. The species has a slender sicula 1:3-1-5 mm long, and very thin proximal parts of 
both stipes (Fig. 131b) which originate slightly asymmetrically to either side of the sicula; this 
suggests that acutidens is correctly referred to Acrograptus. Distal stipes abound in the Llanfall- 
teg Formation, but proximal ends are rare. From the slow rate of distal stipe width increase it 
is likely that the species had stipes at least 15cm long to attain maximum width. Elles & Wood 
(1901) gave a good general description of the species, to which a little can be added. All the 


Fig. 131 Acrograptus acutidens (Elles & Wood 1901). Llanfallteg Formation, both x 3; a, two distal 
stipes, early Llanvirn, D. artus Biozone, loc. 50, Q5186; b, well-preserved proximal end showing slow 
increase in stipe width, same locality, Q5156. 
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Fig. 132 Stipe expansion diagram for best-preserved Acrograptus acutidens (Elles & Wood). 


material we have found indicates that a declined proximal part is characteristic of the species, 
and we would exclude such specimens as Ruedemann's (1947: pl. 55, fig. 1) from Deepkill with 
immediately horizontal stipes; these are from an earlier Arenig horizon, probably equivalent to 
the D. nitidus Biozone of Britain. Many distal stipes are flexed or bent, and it is probable that 
they were somewhat flexible. None of the proximal ends are well enough preserved for the 
development to be reliably discovered; a projecting portion of the sicula is characteristically 
sigmagraptine. The stipe expansion diagram (Fig. 132) is a gentle curve from a narrow origin; 
the stipes continue to expand in width distally, but at a very low rate, about 0-1 mm per 15-20 
thecae. Proximal thecae are about 1mm long, and nearly rectimarginate, with a short lip. 
Distal thecae have a distinctive appearance, as noted by Elles & Wood: Q5160 is in relief, and 
shows some details of this thecal structure. The common canal is 0:4 mm wide; thecae are as 
long as 1-7 mm, and inclined at a low angle of 20^ proximally, and curving very gently to 30^ at 
the aperture. The apertural margin is cut back steeply, often so that the angle between it and 
the dorsal wall of the stipe is slightly less than 90^; @ is therefore acute, as low as 30°. There is 
an apertural denticle. The stipe appearance then is characteristically sharp-toothed, as implied 
by the specific name. Note that other species can acquire this appearance with tectonic short- 
ening, but there is no question of this with the material from the Whitland area, which is often 
well preserved. Distal thecal spacing appears to be very variable, usually 12-13 thecae in 
10mm, but examples of distal stipes have been found with spacing as low as 10 or as high as 14 
per 10 mm. This is probably a consequence of small variations in 0 at low inclinations, since 
thecal spacing d = t sin 0 (Fortey 1983), and for constant t and low 0 any variation in sin 0 will 
produce a relatively large variation in d. 

A. acutidens appears below the Llanvirn boundary, but is abundant in the early Llanvirn 
also. Cantrill & Thomas (in Strahan et al. 1909: 25) record the species in what they believed to 
be the top of the D. 'bifidus shales. It is one of the few species distinctive enough to be 
recognized from distal stipe fragments. 


Fig. 133 Proximal end of Acrograptus acutidens, 


dE x 10, based on Q5156. 


Acrograptus ? sp. a of Skevington, 1965 
(Fig. 134) 
1965  Didymograptus n. sp. a aff. D. gracilis Tórnquist, 1890; Skevington: 21-22, fig. 24 (gives earlier 
synonymy). 
1965  Didymograptus cf. n. sp. a aff. D. gracilis Tórnquist ; Skevington: 22. 
ORIGINAL LOCALITY AND HORIZON. Halludden Borehole, Óland; at, or immediately below, 
Arenig/Llanvirn boundary (Skevington 1965: fig. 73). 
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Biozone, loc 52H, x 5, Q5172. 


OCCURRENCE IN SOUTH WALES. Fennian, Dionide levigena Biozone, Llanfallteg Formation; 
loc. 52W. 


MATERIAL. Q5172. 


Discussion. Skevington (1965) named his “nov. sp. a’ for Holm's ‘mutation’ of Didymograptus 
gracilis Tórnquist. He noted that true gracilis had an asymmetrical proximal end, which we 
would now regard as sigmagraptine (Cooper & Fortey 1982: fig. 66f). In ‘sp. a’ the origin of the 
thecae is almost symmetrical to either side of the sicula, the apertural lip of which projects as a 
minute tooth. From the Llanfallteg Formation—and from the same stratigraphical position as 
Skevington's examples—we have a gracile specimen with exactly the same proximal end. This is 
more complete than was the material from Oland, from which it differs only in having the 
sicula 0-1 mm longer, and the stipe width also being 0-1 mm wider. The sicula is 0-9 mm long 
and 0-25 mm wide at its base. The stipes are declined at about 140^ initially but become more 
horizontal after th 2. Thecae have the very low inclination invariable in gracile species, ó is a 
high acute angle and there appears to be a minute apertural denticle. Distance between thecal 
apertures varies between 0-8 and 1-0 mm (equivalent to 10-12 thecae in 10mm). Stipe width at 
th 1 is 0-3mm, increasing to no more than 0-4 mm at th 17. 

Extremely thin species such as this are easy to overlook. However, the difference in proximal 
end structure from other Acrograptus spp. indicates that this A.? sp. a is likely to prove a 
distinctive late Arenig form. Because of the difference from the typical sigmagraptine, it 1s 
included with question in Acrograptus. None of the Acrograptus species described by Boucek 
(1973) from Bohemia is as thin—the closest is apparently A. lipoldi, but this is reported to be 
10mm wide at 15mm from the sicula, where our specimen is still less than 0-4 mm. It is 
tempting to name it as a new species but the scarcity of material makes this inadvisable at the 
moment. Accordingly, the open nomenclature coined by Skevington (1965) is used again here. 


Family GLOSSOGRAPTIDAE Lapworth 1873 
Genus GLOSSOGRAPTUS Emmons 1855 
TYPE SPECIES. G. ciliatus Emmons, by monotypy (Emmons 1855: 108). 
DIAGNOSIS. See Bulman 1970: 122. 


Glossograptus acanthus Elles & Wood 1908 
(Fig. 135b) 


1908 Glossograptus acanthus Elles & Wood: 314, figs 208a, b; pl. 33, figs 4a-c. 

1935  Glossograptus acanthus Elles & Wood; Harris & Thomas: 302-303, fig. 3 (13-16). 
1960 Glossograptus acanthus Elles & Wood; Berry: 70-71. 

1960  Glossograptus acanthus Elles & Wood; Turner: 89; pl. 7, fig. 8. 

1964 Glossograptus acanthus Elles & Wood; Obut & Sobolevskya: 71; pl. 15, figs 1, 2. 
1971  Glossograptus acanthus Elles & Wood; Skevington & Archer: 76 (listed). 

1974  Glossograptus acanthus Elles & Wood; Tsai: 105, text-fig. 38; pl. 11, figs 25a, b. 
1979  Glossograptus acanthus Elles & Wood; Cooper: 81, text-fig. 65; pl. 15, fig. k. 
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HOLOTYPE. According to Strachan (1971: 27), Elles & Wood (1908) indicated their pl. 33, fig. 4a 
as type specimen, SM A17441. 


TYPE LOCALITY AND HORIZON. ‘Sruffaunduff, + mile W of Summit of Bencraff, Connemara’, 
Republic of Ireland. Originally described by Elles & Wood as Arenig, the fauna from here has 
been re-evaluated (Dewey, Rickards & Skevington 1970: 30—31) as of early Llanvirn age. 


DIAGNOSIS. See Elles & Wood, 1908: 314. 


OCCURRENCE IN SOUTH WALES. Elles & Wood recorded the species from the early Llanvirn of St 
David's. Our new occurrence is from 15 m below the Arenig/Llanvirn boundary in the Llanfall- 
teg section, latest Arenig, Dionide levigena Biozone. 


MATERIAL. Q5171. 


DISCUSSION. The species is represented in our collections by a well-preserved specimen from the 
latest Arenig. The specimen retains sufficient relief to see the monopleural arrangement of the 
thecal series, showing that it is a typical Glossograptus. There is nothing to add to the recent 
descriptions given in the synonymy. Our specimen has a maximum diameter of 6mm; some 
seven pairs of apertural spines up to 2mm long curve downwards in the proximal part; 
lengthwise distance between apertural spines in the mature part of the rhabdosome is 0:8— 
10mm. The species is of considerable stratigraphical importance, being very widespread: 
Australia, New Zealand, Texas, Ireland, Kazakhstan, Taimyr, South America and Wales. It 
appears to be confined to the uppermost Arenig and early Llanvirn. 


Family DIPLOGRAPTIDAE Lapworth 1873 
Genus GLYPTOGRAPTUS Lapworth 1873 


TYPE SPECIES. Diplograptus tamariscus Nicholson 1868; original designation of Lapworth (1873: 
table of classification). 


Discussion. The concept of Glyptograptus has to be based on the type species, G. tamariscus. 
Glyptograptus has been defined on the basis of its thecal form, as have other biserials; modern 
work would emphasize instead the mode of development at the proximal end. On this criterion 
it is doubtful whether either of the species described here would be referred to Glyptograptus s.s. 
°G. dentatus has steeply upward curved proximal thecae, in this respect resembling the type 
species of Undulograptus Bouček (U. paradoxus, well illustrated from relief material by Bouček, 
1973). ‘G? austrodentatus, on the other hand, has proximal thecae with rather low inclination, 
and probably a different proximal structure. It may not be congeneric with *G.` dentatus. Such 
generic reassignments are now being carried out in the context of a revision of these genera as a 
whole (C. E. Mitchell, personal communication 1985), using isolated or relief material. Here the 
usual name of Glyptograptus is used in quotations to indicate the provisional classification. 


'Glyptograptus' dentatus (Brongniart 1828) 
(Figs 135d, e, g, J. 136) 


(For synonymy see Bulman (1963: 673) and Skevington (1965: 55)). 


NEOTYPE AND HORIZON. Geological Survey of Canada, 943, proposed Bulman 1963: 672, 675, 
text-fig. 4a; from what is probably the early Llanvirn (?P. tentaculatus Biozone), Point Lévis, 
Quebec. 


OCCURRENCE IN SOUTH WALES. Widely recorded in the Didymograptus artus (D. ‘bifidus’, auctt.) 
Biozone of the early Llanvirn, in which it is generally distributed. Here we add the common 
occurrence of the species in the uppermost Arenig biozone of Dionide levigena (throughout 
loc. 52) in the Llanfallteg Formation, and rare occurrence in the Fennian, biozone of Bergamia 
rushtoni; type locality of Pontyfenni Formation, loc. 23. The species ranges through the top two 
biozones of the Arenig and into the early Llanvirn. 


MATERIAL. Q5105, Q5808-15. 
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Fig.135 Scandent graptoloids from the late Arenig to earliest Llanvirn of south Wales. a, Pseudotri- 
gonograptus ensiformis (Hall 1865), Upper Arenig, Fennian, B. rushtoni Biozone, Pontyfenni Forma- 
tion, loc. 23, x 3, Q5104. b, Glossograptus acanthus Elles & Wood 1908, latest Arenig, Fennian, D. 
levigena Biozone, Llanfallteg Formation, loc. 52J, x 2, Q5171. c, f, h, k, 'Glyptograptus' austro- 
dentatus Harris & Keble 1932, Llanfallteg Formation; c, large specimen widening slowly to more 
than 2 mm, late Arenig, D. levigena Biozone, loc. 52S, x 6, Q5802; f, well-preserved rhabdosome, 
early Llanvirn, artus Biozone, loc. 50, x 10, Q5803; h, detail of proximal part of wide morph in relief, 
showing median septum and th 1', late Arenig, D. levigena Biozone, loc. 52L, x 8, Q5804; k, 
well-preserved form, slowly increasing in width, locality and horizon as last, x 5, Q5805. d, e, g, j, 
"Glyptograptus' dentatus (Brongniart 1828); d, narrow morph from early horizon, Upper Arenig, 
Fennian, B. rushtoni Biozone, loc. 23, x 6, Q5808; e, wide morph from early horizon as Fig. 135d, 
x 5, Q5809; g, early Llanvirn, D. artus Biozone, loc. 50, x 6, Q5810; j, D. levigena Biozone, loc. 52P, 
x 5, Q5811. 
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Fig. 136 ‘Glyptograptus’ dentatus (Brongniart 1828). Well-preserved small rhabdosome, x 5, and 
detail of its proximal end, about x 20, early Llanvirn, D. artus Biozone, loc. 50, Llanfallteg 
Formation, Q5810. 

Fig. 137 'Glyptograptus' austrodentatus Harris & Keble 1932. Typical specimen, Llanfallteg Forma- 
tion, early Llanvirn, D. artus Biozone, loc. 50, x 10, Q5803. 


DIAGNOSIS. See Bulman, 1963: 673-675. 


Discussion. Bulman (1963) revised G. dentatus, and further description of isolated material was 
given by Skevington (1965). Elles & Wood (1907: fig. 174; pl. 31, figs 4b-d) have already 
illustrated material from the Llanvirn part of the Llanfallteg Formation (misspelled ‘Llanfanteg’ 
on their p. 254). This is often well preserved, in full or partial relief. The species is distinguished 
from G. austrodentatus particularly by the sharp upward growth of th 1! and th 12, with a stout 
virgellar spine. Specimens conforming to Bulman's sensu stricto usage of dentatus are numerous 
in the latest Arenig and earliest Llanvirn. The earliest biserials in Wales, and probably as old as 
anywhere, are from the Bergamia rushtoni Biozone. These include (Fig. 135e) a specimen which 
has a maximum width of 2-5 mm, and which also tapers distally. Bulman cites 2-2mm as a 
maximum for G. dentatus. Tectonic 'extension' is not usually evident in the Pontyfenni Forma- 
tion and it is believed that the wide stipe was originally so. The same horizon has also yielded a 
narrow specimen which widens rather rapidly to 1:6-1:7 mm (Fig. 135d), a width which is 
retained throughout the rest of the rhabdosome. This form is intermediate between typical 
dentatus and what Bulman (1963) called G. shelvensis (with distal width 1-3-1-5 mm) from the 
Shelve Church Beds, Shropshire. We have other specimens (Fig. 135j) from beds as high as 
Llanvirn which are only slightly wider than shelvensis, and it seems possible that shelvensis may 
not prove distinct from dentatus. Here a broad view of the latter species is taken to include 
both wide and narrow morphs. In any case the choice of G. dentatus as a zonal fossil for the 
early Llanvirn (cf. Jenkins, in Hughes et al. 1982: 53) is inappropriate because it extends so far 
below the usual usage of that interval. 


‘Glyptograptus’ austrodentatus Harris & Keble 1932 
(Figs 135c, f, h, k, 137) 
(For synonymy see Bulman (1963: 679) and Mu et al. (1979: 134)). 
LECTOTYPE (selected Bulman 1963: 679). Geol. Surv. Victoria 31365. 


TYPE LOCALITY AND HORIZON. Basal Darriwilian (equivalent to early Llanvirn); Victoria, 
Australia. 
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OCCURRENCE IN SOUTH WALES. Llanfallteg Formation, from latest Arenig (Dionide levigena 
Biozone) to early Llanvirn, throughout loc. 52; also locs 50, 55. 


MATERIAL. Q5802-7; NMW 84.17G.116-7. 
DIAGNOSIS. See Bulman, 1963: 679, and comments below. 


DISCUSSION. This species is differentiated from G. dentatus primarily by its streptoblastic devel- 
opment, which results in a conspicuously truncated proximal end, and with the first pair of 
thecae not growing strongly upwards. This feature is shown well on specimens from south 
Wales in partial or full relief (Fig. 135h). The virgellar spine is more slender than on G. dentatus. 
Specimens such as that in Fig. 135f belong within the type population as described by Bulman 
(1963: text-fig. 6). Bulman described a number of ‘varieties’, which have no formal taxonomic 
status; Skevington (1965: 56—58) chose to elevate one of these to formal subspecific rank. Mu 
(in Mu et al. 1979) added one further subspecies and additionally proposed many new species, 
all from the G. austrodentatus Biozone. Legg (1976) described G. situlus from Western Australia, 
which also appears to have an austrodentatus-like proximal end. We have specimens from the 
Llanfallteg Formation (Fig. 135h) which widen rather rapidly to 2-2 mm. This exceeds the width 
allotted to any of Bulman's ‘varieties’, but is apparently the same as Mu's species G. robustus 
(Mu, in Mu et al. 1979: 135; pl. 47, figs 14, 16, 18) and possibly G. austrodentatus major Mu 
1979. While it is interesting that such similar specimens occur in both Wales and China I am 
reluctant to use Mu's names for such specimens, because there is gradation between them and 
more ‘typical’ forms. Such wide forms tend to be flattened distally, and flattening too may have 
contributed to increase the transverse dimension; Mu's specimens are also clearly flattened. 
Skevington (1965: 58) mentions the occurrence of broad and narrow morphs of G. austro- 
dentatus, but attaches no taxonomic importance to this feature. It seems probable that there 
was a good deal of intraspecific variation in G. austrodentatus, especially with regard to stipe 
width. Bulman (1963: 680) also noted a wide range of variation in distal thecal spacing, and 
measuring the distal 3 or 4 thecae and correcting for ‘th in 10mm’ on the Llanfallteg specimens 
there is a range from 13 to 16 in 10mm, with a mean between 14 and 15. 

Whatever the final taxonomic status of the several ‘varieties’ of, and co-occurring ‘species’ 
with, G. austrodentatus it is significant for correlation that in China, Britain, and the Canning 
Basin, Western Australia (Legg 1978) Glyptograptus of austrodentatus type underlie pendent 
didymograptids, including D. artus. 
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The chordates—a preliminary note 
by R. P. S. Jefferies 


Eight genera, and eight or perhaps nine species, of primitive chordates are now known from the 
Upper Arenig of the Whitland area. This is remarkable, seeing that none at all was known from 
the Welsh Lower Ordovician until May 1979 when Dr R. M. Owens found a specimen of 
Cothurnocystis sp. (Figs 139a, b) in the Upper Arenig Pontyfenni Formation, in the disused 
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Fig. 138 a, b, Mitrocystella sp. a, dorsal and b, ventral aspect. Locality: Pontyfenni. B. rushtoni 
Biozone, Pontyfenni Formation, Upper Arenig. E63158a, b. 

Fig. 139 a, b, Cothurnocystis sp. a, dorsal and b, ventral aspect. Note the gill slits as a prominent series 
of openings on the left side of the head. Locality: Llwyn-crwn. B. rushtoni Biozone, Pontyfenni 
Formation, Upper Arenig. NMW 84.17G.119a, b. 


quarry at Llwyn-crwn. The purpose of this note is to record these zoologically important 
animals, in the hope that further search will discover more of them and thus allow this part of 
the fauna to be properly described. 

All the chordates found are primitive forms which retain a calcite skeleton of echinoderm 
type ('calcichordates'). General accounts of these animals are given in Jefferies (1981a, 1986). To 
avoid confusion it must be mentioned that many workers regard them as echinoderms, notably 
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Ubaghs in the Treatise of Invertebrate Paleontology (1967), and sometimes they are referred to 
as carpoid echinoderms. There has recently been some published controversy on their affinities 
(Philip 1979, Chauvel 1981, Ubaghs 1981, Jefferies 1981, Jollie 1982). 

The calcichordates, in cladistic terms, are a paraphyletic group and so the word 'calcichord- 
ate’ should only be used informally. They are co-extensive with the 'Stylophora' as used in the 
Treatise and can be divided into two major kinds—the 'Cornuta' and the 'Mitrata'. Both 
groupings are likewise paraphyletic and the names are placed in inverted commas for that 
reason. Satisfactory classification of the calcichordates, however, depends on placing them in 
the stem-groups of recent groups, as in the list below. The term ‘stem-group’, and also ‘crown- 
group’, have a precise meaning as explained in Jefferies (1979, 1986). 

The cornutes are stem-group chordates. The mitrates, on the other hand, are primitive 
crown-group chordates since all known mitrates are primitive members of the extant chordate 
subphyla—whether stem-group acraniates, stem-group tunicates or stem-group vertebrates. 

All calcichordates are divided anatomically into a head and a tail. The tail was almost 
certainly locomotory (Jefferies 1984) and served to pull the head rearwards across the sea floor, 
either in the sediment or on its surface according to the species. Cornutes had external gill slits, 
on the left side of the head only, and were primitively asymmetrical in other respects also. 
Mitrates are deduced to have had internal gill slits, on left and right sides of the head, and 
were fairly symmetrical in external outline, though with large asymmetries inside the head. 

The forms are all found in the Pontyfenni Formation near Whitland and are as follows: 


(1) Cornutes 

(a) Cothurnocystis sp. Localities: Pen-y-parc, Llwyn-crwn, S. abyfrons to B. rushtoni Bio- 
zones. Fig. 139a, b. A new species. It is similar to Cothurnocystis fellinensis Ubaghs (1969) from 
the Lower Arenig of the Montagne Noire but lacks a median plate (y) dorsal to the tail 
insertion. 

(b) Reticulocarpos sp. 1. Locality: Pen-y-parc, S. abyfrons Biozone. Fig. 14la, b. A new 
species, not identical with either of the two described forms, i.e. Reticulocarpos hanusi Jefferies 
& Prokop from the Llanvirn of Bohemia or R. pissotensis Chauvel & Nion from the Llandeilo 
of Normandy. 

(c) Reticulocarpos ?sp. 2. Locality: Pontyfenni, B. rushtoni Biozone. Fig. 146. This is much 
smaller than R. sp. 1 and is either a juvenile of that species or belongs to a different species. 


(2) Mitrates 

(a) Lagynocystis sp. Locality: Pontyfenni, B. rushtoni Biozone. Fig. 145. A stem-group acra- 
niate. Probably a new species since, unlike the only described species L. pyramidalis (Barrande) 
from the Llanvirn of Bohemia, it seems to lack dorsal spikes in the foretail and has only three 
spikes on the styloid. 

(b) Balanocystites sp. Locality: Pontyfenni, B. rushtoni Biozone. Fig. 142a, b. A stem-group 
tunicate. It is characteristic of the genus that the two enlarged ventral plates (g on the right and 
j on the left) encroach only a short distance onto the dorsal surface. 

(c) Guichenocarpos sp. Locality: Pontyfenni, B. rushtoni Biozone. Fig. 144. A stem-group 
tunicate. This genus resembles Balanocystites but differs in having a tall flange, U-shaped in 
plan with the U open anteriorly, on the dorsal surface. 

(d) Anatifopsis sp. Locality: Pontyfenni, B. rushtoni Biozone. Fig. 143. A stem-group tunicate. 
This genus resembles Balanocystites but the ventral plates g and j extend further onto the 
dorsal surface. (Anatifopsis Barrande 1868 is identical with Anatiferocystis Chauvel 1941 and is 
often regarded as a crustacean.) 

(e) Mitrocystites sp. Locality: Pen-y-parc, S. abyfrons Biozone. Fig. 140. A stem-group verte- 
brate. Only one specimen is known and it is too badly dissociated to be compared with 
particular described species. 

(f) Mitrocystella sp. Locality: Pontyfenni, B. rushtoni Biozone. Fig. 138a, b. A stem-group 
vertebrate. This is a new species. It differs from Mitrocystella incipiens (Barrande), from the 
Llandeilo of Brittany and Bohemia, in its small size; and from Mitrocystella barrandei Jaekel, 
from the Llanvirn of Bohemia, in having cuesta-shaped ribs on the posterior part of the ventral 
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141q A E ple 
Fig. 140 Mitrocystites sp. Hind-tail ossicles are visible near the left of the picture and head plates 
elsewhere. Badly dissociated, but mainly ventral in aspect. Locality: Pen-y-parc. S. abyfrons Biozone, 
Pontyfenni Formation, Upper Arenig. E63146a, b. 


Fig. 141 a, b, Reticulocarpos sp. 1. a, dorsal and b, ventral aspect. Locality: Pen-y-parc. S. abyfrons 
Biozone, Pontyfenni Formation, Upper Arenig. E29927. 


surface instead of being smooth. It differs from both these species in having a concave dorsal 
surface. 


A similar chordate fauna is known from other argillaceous occurrences in the earlier part of the 
Ordovician at the western edge of what is considered to have been a Gondwanan continent. 
Thus the present fauna is much like that of the Llanvirn Sárka Formation of Bohemia, as 
exposed at the famous localities of Sárka and Osek. At these localities, as near Whitland, the 
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Fig. 142 a, b, Balanocystites sp. a, dorsal and b, ventral aspect; bar = 3mm. Locality: Pontyfenni. B. 
rushtoni Biozone, Pontyfenni Formation, Upper Arenig. NM W 78.8G.43a, b. 

Fig. 143  Anatifopsis sp. Dorsal aspect. Locality: Pontyfenni. B. rushtoni Biozone, Pontyfenni Forma- 
tion, Upper Arenig. E63160. 

Fig. 144  Guichenocarpos sp. Dorsal aspect. Locality: Pontyfenni. B. rushtoni Biozone, Pontyfenni 
Formation, Upper Arenig. E63155. 

Fig. 145  Lagynocystis sp. Dorsal aspect of foretail and posterior part of head. Locality: Pontyfenni. 
B. rushtoni Biozone, Pontyfenni Formation, Upper Arenig. E63159b. 

Fig. 146  Reticulocarpos sp. ?2. Dorsal aspect. Locality: Pontyfenni. B. rushtoni Biozone, Pontyfenni 
Formation, Upper Arenig. E29928. 
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genera Cothurnocystis, Reticulocarpos, Lagynocystis, Balanocystites, Guichenocarpos, Anati- 
fopsis, Mitrocystites and Mitrocystella occur, though some, or perhaps all, of the species are 
different. It can also be compared with the Traveusot Formation (Schistes à Calyménes) of the 
Llandeilo of Brittany in which most of the same genera recur, although Mitrocystites is rare 
there (Chauvel 1981) and Cothurnocystis and Reticulocarpos are absent. The Lower Arenig of 
the Montagne Noire also contains calcichordates (Ubaghs 1969, Thoral 1935), though the only 
genera known to be shared with the Whitland occurrence are Cothurnocystis and Guicheno- 
carpos (Anatifopsis escandei Thoral 1935 is a Guichenocarpos according to my observations). It 
is unfortunate that the south Welsh chordates have never been found in siliceous nodules like 
those which contain the best-preserved specimens in Brittany, Bohemia and the Montagne 
Noire. 

As to facies, it seems that advanced cornutes, such as Reticulocarpos, and most mitrates, 
preferred a soft muddy sea bottom in which sessile benthos was often rather rare. 

The south Welsh occurrences show that chordates can be found in shaly Ordovician rocks if 
especially searched for. The paucity of known occurrences world-wide is probably not caused 
by original absence. Rather is it the case that palaeontologists have not been interested in these 
animals, despite their zoological significance, and therefore did not know them when they saw 
them. 
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Didymograptellus 254 

Didymograptus ‘bifidus’ Biozone 72, 90 

Didymograptus (Didymograptellus) sp. 260 

Didymograptus (Didymograptus) artus 258; 
Biozone 72, 90 

Didymograptus (Didymograptus) spinulosus 
255-6, 258 

Didymograptus (Expansograptus) goldschmidti 
272 

Didymograptus (Expansograptus) hirundo 98, 
260; Biozone 89, 101 

Didymograptus (Expansograptus) nitidus 264, 
273; Biozone 102 

Didymograptus (Expansograptus) patulus 269 

Didymograptus (Expansograptus) sparsus 267 

Didymograptus (Expansograptus?) uniformis lep- 
idus 270 

Didymograptus (Expansograptus?) uniformis uni- 
formis 270 

Didymograptus abnormis 263 

Didymograptus alatus 275 

Didymograptus barrandei 257 

Didymograptus bifidus 260 

Didymograptus bifidus incertus 257 

Didymograptus changningensis 259 

Didymograptus deflexus Biozone 99 

Didymograptus gracilis 281 

Didymograptus oligotheca 257 

Didymograptus patulentis 275 

Didymograptus pennatulus 267 

Didymograptus pluto 254—5 

Didymograptus protobifidoides 260 

Didymograptus simulans 272 

Didymograptus stabilis 257, 259 

Dindymene cf. didymograpti 237 

Dindymene fridericiaugusti 234 

Dindymene hughesiae 234 

Dindymene longicaudata 234 

Dindymene saron 106, 235 
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Dindymenella 235 

Dionide (Paradionide) 219 
Dionide formosa 218 
Dionide jubata 218 

Dionide levigena 220; Biozone 84 
Dionide magnifica 218 
Dionide prima 218 

Dionide turnbulli 219 
Dionideina 218 

Dionidella incisa 221 
Dionidella? sp. indet. 1 222 
Dionidella? sp. indet. 2 223 
Dionidepyga 218 


Ectillaenus benignensis 200 


Ectillaenus bergaminus 200; ? bergarninus 202 


Ectillaenus cunicularis 200 
Ectillaenus giganteus 202 
Ectillaenus hughesii 200 
Ectillaenus perovalis 199 
Ectillaenus sarkaensis 200 
Ellipsotaphrus infaustus 188 
Ellipsotaphrus monophthalmus 189 
Ellipsotaphrus pumilio 188 
Ellipsotaphrus whittardi 190 
Ellipsotaphrus zhongguoensis 188 
Emmrichops 169, 179 
Eoshumardia 120 

Eurymetopus 193 

Eurymetopus cumbrianus 194 
Eurymetopus harrisoni 194 
Extensograptus 260 

eye reduction 106 


Famatinolithus 216 

Fennian Stage 88, 96, 98, 101, 104 
Fenniops 128 

Furcalithus 203 

Furcalithus radix 83, 207, 208; Biozone 83 
Furcalithus sedgwicki 96, 209 


Gallagnostoides 172 

Gamops 126 

Gastropolus 149 

Gastropolus brevicaudatum 161 
Gastropolus mirabilis 163 
Gastropolus obtusicaudatus 161 
Geragnostus merus 116 
Girvanopyge barrandei 126 
Girvanopyge caudata 126 
Girvanopyge mrazeki 126 
Girvanopyge occipitalis 126 
Girvanopyge sp. 126 
Glossograptus acanthus 281 
Glyptograptus 282 

Glyptograptus austrodentatus 284 
Glyptograptus austrodentatus major 285 
‘Glyptograptus’ dentatus 282 
Glyptograptus robustus 285 


Glyptograptus shelvensis 284 

Glyptograptus situlus 285 

Gondwana 93, 99, 105, 108 

Grés Armoricain 109 

Guichenocarpos sp. 287 

Gymnostomix 215 

Gymnostomix gibbsii 79, 81, 84, 96, 216; Biozone , 
84 


Hanchungolithus 203 
Hawleia 231 

Hemigyraspis 132 

Henllan Ash 97 

Hope Beck Slates 98 
Hypermecaspis venerabilis 83 


Illaenopsis griffei 194, 199 
Illaenopsis harrisoni 97-8, 106, 194 
Illaenopsis primula 195, 199 
Illaenopsis stenorhachis 194 
Illaenopsis thomsoni 193, 198 
Illaenus Hughesii 199 

Illaenus perovalis 199 

Incaia 203 

Incisopyge 174 

Incisopyge? theroni 152 

Isograptus gibberulus Biozone 89, 101 


Klabava Formation 102 
Kweichowilla 119 
Kweichowilla minuta 119 


Lagynocystis pyramidalis 287 
Lagynocystis sp. 287 

Lake District 98 

Leiagnostus alimbeticus 113 
Leiagnostus bohemicus 113 
Leiagnostus erraticus 112 
Leiagnostus cf. erraticus 112 
Leiagnostus foulonensis 113 
Leiagnostus franconicus 113 
Leiagnostus peltatus 113 
Leiagnostus turgidulus 113 
Leioshumardia minima 126 
Leioshumardia sp. A 126 
Lichapyge? problematica 126 
Lisogoraspis 161 

Llanfallteg Formation 71, 82, 105 
Llyfnant Member 97 

Llyn Peninsula 71, 97 
Lordshillia 203 

Loweswater Flags 98 


Megalaspidella 132 

Megalaspidella whittardi 132 
Megalaspis mucronata 135 

Megalaspis striatula 135 

Merlinia murchisoniae 83, 93, 96—7, 135 
Merlinia rhyakos Biozone 83 


